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The thealB  la  d iv ided  in to  th re e  pax’t a .  The f i r s t  i s  a d e sc r ip tio n  
o f lymphosarcoma o r lymphatic leWcaemla in  th e  dog and oat# The second 
i s  a re p o r t of tran sm iss io n  experim ents w ith lymphosarooma o f th e  c a t .
The f in a l  p a r t  i s  a d e sc r ip tio n  of a s e r ie s  of experim ents designed to  
c a l ib ra te  and ev a lu a te  an e le c tro n ic  p a r t i c le  counter f o r  use in  ex­
perim enta l haematology in  th e  c a t .
P a r t  one of the  th e s is  i s  in  two se c tio n s . The i n i t i a l  s e c tio n  d e a ls  
w ith lymphosarcoma in  n a tu ra lly  occurring  cases in  th e  dog. T his i s  one 
of th e  most im portant m alignant co n d itio n s encountered in  t h i s  spec ies 
and i s  a n e o p la s tic  d ise ase  o f th e  a d u lt emimal ivhich i s  r e la t iv e ly  sh o rt 
in  d u ra tio n . I t  i s  c h a ra c te r ise d  by th e  abnormal p r o l i f e r a t io n  of c e l ls  
of th e  lymphoid s e r ie s  on s i t e s  of lymphoid t i s s u e  to g e th e r  w ith in ­
f i l t r a t i o n  and invasion  by tumour c e l l s  in to  many organs and t is s u e s  
throughout th e  body.
One hundred and f i f t y  dogs which had been adm itted to  th e  U n iv e rs ity  
of Glasgow V ete rin ary  H osp ita l su ffe r in g  from lymphosarcoma formed th e  
b a s is  of th e  study . Each animal had been sub jec ted  to  a f u l l  post-mortem 
exam ination. The morbid anatomy# h is to -p a th o lo g y , haematology# blood 
biochem istry# rad io logy  and c l in i c a l  d a ta  in  t h i s  group a re  ta b u la te d  and 
a lso  described  in  th e  t e x t .  A c la s s i f i c a t io n  of th e  d ise a se  i s  proposed 
which i s  based on th e  d is t r ib u t io n  of th e  major le s io n s . This c l a s s i ­
f i c a t io n  i s  p a r t ic u la r ly  u se fu l from a c l in i c a l  vlevjpoint# s in ce  th e  two 
common forms of th e  d isease  are  a sso c ia ted  w ith d is t in c t iv e  syndromes
and have th u s to  be d i f f e r e n t ia te d  from two d i f f e r e n t  ga^oups o f d iaease* 
0?hree foïmia of lymphoaarcoma a re  reoogniaed . There ia  a n iu ltio e n tr ic  tyi^e 
which la  aaao c ia ted  w ith b i l a t e r a l l y  aym m etrical enlargem ent o f most of the  
s u p e r f ic ia l  lymph nodes and w ith  hepatoaplenom egaly. An a lim en tary  type 
i s  found which i s  c h a ra c te r ise d  by tumour le s io n s  along th e  a lim en tary  
t r a c t  and /o r g ro ss i n f i l t r a t i o n  o f th e  m esenteric  node# bu t th e re  i s  no 
i n f i l t r a t i o n  o r  enlargem ent of th e  s u p e r f ic ia l  lymph nodes. In  bo th  of 
th ese  forms of lymphosai»coma o th e r  organs and t i s s u e s  a re  involved to  a 
g re a te r  o r  l e s s e r  e x te n t. The th i r d  form o f th e  d isease#  th e  so -c a lle d  
a b e rra n t type# i s  r e l a t iv e ly  r a re  aind tumour le s io n s  a re  found in  s i t e s  
o th e r  th an  th e  s u p e r f ic ia l  lymph nodes o r th e  alim entary^-m esenteric a re a . 
The m u lticen tîd c  and alim entai'y  forms o f th e  d ise a se  to g e th e r  account f o r  
approxim ately 9W of th e  oases in  t h i s  s e r ie s  and they  occur in  equal 
numbers.
On th e  b a s is  o f a q u a n ti ta t iv e  study  of th e  post-mortem h is to lo g y  of 
a ffe c te d  lymph nodes and le s io n s  o f th e  a lim en tary  tra c t#  d ia g n o s tic  
c r i t e r i a  have been deteriïiined and a re  p resen ted . The e s s e n t ia l  d iag n o s tic  
m arkers in  th e  oominon forms of th e  d ise a se  have a lso  been e s ta b lis h e d  and 
a re  d e sc rib ed .
Althougli abnormal changes in  th e  p e r ip h e ra l blood a re  f re q u e n tly  
observed# th ey  a re  seldom s p e c i f ic ,  A t ru e  leukaemia# comparable to  
leulcaemia in  man, i s  uncommon in  th e  dog# so t h a t  blood Is  o f l i t t l e  
value as a  d ia g n o s tic  to o l .  Furthermore# th e  u se fu l c o r re la t io n s  which
have been found in  man between th e  d u ra tio n  of o v e rt haemopoietlo tumours 
and suoh fa c to rs  as th e  degree o f d i f f e r e n t ia t io n  of th e  dominant tumour 
c e l l ,  m ito tic  r a te  and the  age of th e  p a tie n t  a re  not c o rre la te d  in  lympho­
sarcoma in  th e  dog and a re  of no value in  prognosis in  t h i s  d ise a se .
In  th e  second se c tio n  of p a r t  one th e re  i s  a d e sc r ip tio n  of 
n a tu ra lly  occurring  oases o f lymphosarcoma in  th e  c a t .  The methods of 
study  and p re se n ta tio n  are  s im ila r  to  those of th e  previous s e c tio n . With 
c e r ta in  exceptions th e  d ise a se  in  th e  c a t  i s  s im ila r  to  th a t  in  th e  dog.
The th re e  forms of th e  d isease  which a re  observed in  the  dog a re  again  
found. A fo u rth  type i s  a lso  recogn ised . T his I s  a so -c a lle d  thymic 
ty p e , which i s  a sso c ia ted  w ith a g ross tumour mass in  th e  a n te r io r  media­
stinum  a t  th e  s i t e  form erly occupied by the  thymus. In  t h i s  form of th e  
disease# th e  tumour of th e  a n te r io r  tho rax  i s  th e  so le  m aoroscopioal le s io n  
in  th e  body and i s  accompanied by a c h a ra c te r is t ic  re s p ira to ry  syndrome* 
Space^occupying le s io n s  in  th e  a n te r io r  th o rax  a re  a lso  observed in  
c e r ta in  o th e r  cases# but because of th e  presence o f s u p e r f ic ia l  lympha- 
denopathy, th ese  a re  included in  th e  m u ltic e n tr ic  group. As in  th e  dog, 
lymphosarcoma in  th e  e a t  i s  e s s e n t ia l ly  aleukaem ic.
Par t  two of th e  th e s is  comprises a p re lim inary  re p o r t  on in i t i a t i o n  
experim ents designed to  tran sm it t h i s  d ise a se  by in o cu la tin g  newborn 
k i t te n s  w ith p rep a ra tio n s  from spontaneous and experim ental cases of the  
d isease  in  th i s  sp e c ie s . This i s  p a r t  o f a long-term  resea rch  programme 
idiich i s  being c a rr ie d  ou t a t  th i s  H o sp ita l to  t e s t  the  hypo thesis th a t  
lymphosarcoma in  the  domestic mammals i s  caused by a v i r u s .
Follovd.ng; th e  in je c t io n  of newborn k i t te n s  w ith  p rep a ra tio n s  from tumour 
t is s u e s  o f two f i e l d  oases, lymphosarcoma developed in  anim als in  two 
experim ents. The la te n t  pe rio d s have been between 9 &hd 4^ months.
In  fu r th e r  experim ents, p rep a ra tio n s  from one of the  expei'im ental anim als 
which developed a form of lymphosarcoma in d is tin g u ish a b le  from a m u lti-  
c e n tr ic  case were in je c te d  in to  newborn k i t t e n s .  One k i t t e n  developed 
lymphosarcoma of a l l  th e  marrow c a v i t ie s  a t  th e  age of 8 weeks. Other 
k i t te n s  which have d ied  have shown c e l lu la r  changes in  the  M alpighian 
co rpuscles of the  sp leen  which are  comparable w ith e a r ly  le s io n s  of lympho­
sarcoma as observed in  c e r ta in  f i e ld  cases of th e  d isease  in  the  o a t.
V iru s - lik e  p a r t ic le s  which a re  s im ila r  to  those  observed in  e x p e ri­
mental leulîaemia in  mice have been found on e le c tro n  m icroscopical 
exam inations o f th e  tumour t is s u e s  o f two of th e  experim ental c a ts .
P a r t  th re e  of the  th e s is  con ta ins a d e sc r ip tio n  o f thé  c a l ib ra t io n  
and e v a lu a tio n  of an e le c tro n ic  p a r t i c l e  coun ter fo r  the  e s tim a tio n  of 
t o t a l  e ry th ro cy te  and t o t a l  leucocyte  counts in  experim ental leulcaemia 
of the  c a t .
The experim ents included a t e s t  of th e  r e l i a b i l i t y  o f th e  instrum ent 
and th e  de te rm ina tion  of optim al th re sh o ld  s e t t in g s  and e l e c t r i c a l  c u rre n ts  
fo r  th e  two types of blood c e l l s .  Comparisons were made between the  
e le c tro n ic  method and th e  t r a d i t io n a l  haemocytometer techn ique . The 
v a r ia tio n s  amongst e le c tro n ic  counts of th e  same c e l l  suspensions and 
a lso  th e  v a r ia tio n s  amongst counts of d i f f e r e n t  c e l l  suspensions
prepared from a g iven blood sample were nex t e s ta b lish e d  F in a lly , the  
performance o f d i f f e r e n t  te c h n ic ian s  w ith th e  same blood samples were 
compared.
The r e s u l ts  o f th ese  experim ents were su b jec ted  to  s t a t i s t i c a l  
analyses and i t  was concluded th a t  th e  e le c tro n ic  method was h ig h ly  
accu ra te  f o r  t o t a l  e ry th ro cy te  c o u n ts , W hilst somewhat le s s  accu ra te  
f o r  e s tim atin g  the  t o t a l  leucocyte  coun ts, th e  new technique compared 
very  favourab ly  w ith the  t r a d i t io n a l  method,
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M E T  O N E,
imTOMLLY OCCURRING mmiOSAEGOm OR
LM?HATXC LEUKAEMIA OF TIE DOG AND GAT*
m a p H o s A R C O M  OR tY hw m tiG  u m im M ik  o f  m  b o g .
INTRODUCTION,■WLÜ.'.’JW
Lymphosarcoma la  a a a o p la s tic  d isease  which la  c h a ra c te rise d  by the 
abnomaX p r o l i f e r a t io n  o f c e l ls  o f the  lymphoid s e r ie s  and i s  a sso c ia ted  
w ith  v is ib le  changes in  the s la e  and .s truc tu re  o f lymphoid t is s u e  due to  
the form ation of r e la t iv e ly  imlform and i n f i l t r a t i v e  shee ts  o f lymphoid 
tumour c e l l s .  D isc re te  m e ta s ta tic  tumoure* and d iffu se  i n f i l t r a t i o n  by 
tumour c e l l s  may be found in  many o th e r organs and t is s u e s .  I f  th i s  i s  
accompanied by q u a n ti ta t iv e  o r q u a l i ta t iv e  changes in  the lymphoid c e l l s  
o f the p e rip h e ra l blood or I n f i l t r a t i o n  o f the  boue marr»w, the term Zymi- 
p h a tlc  Leukaemia i s  p e rm iss ib le ,
Lymphosarcoma i s  one o f the most im portant m alignant cond itions observed 
in  the dog^ Gotchin (1954), Meier (1957). I t  i s  a d isease  o f com paratively 
sh o rt d u ra tio n  and I t  i s  f a t a l .  L i t t l e  i s  known of I t s  pa thogenesis , and 
even le ss  o f i t s  a e tio lo g y .
Reports on th is  co n d itio n  in  the  l i t e r a tu r e  a re  somewhat confusing due 
to  the  a p p lic a tio n  o f terms borrowed from a r a th e r  ill**defined human nomen** 
c la tu re .  There Is^ th e re fo re , an advantage in  s ta r t in g  w ith  an o u tlin e  o f 
the d isease  complex in  man, so th a t  the v e te r in a ry  nomenclature can be b e t te r  
ap p rec ia ted .
mEMOPoiETiG T w om s IN mm.
At the  p re sen t titne , m alignant d isease  of the  haem opoietlo t is s u e  i s  
d iv ided  in to  2 apparen tly  d i s t in c t  groups ï*î* 1) The Laulcaemias and 2 )
leukaemia was a term f i r s t  coined by Virchow in  1846# to  describe  a 
f a t a l  d isease  In  man^which was c h a ra c te r ise d  by splenomegaly to g e th e r w ith  
s p e c if ic  changes# both  q u a n ti ta t iv e  and q u a l i ta t iv e ,  i.n c e l l s  o f the  p a ri*  
ph e ra l blood, iMtex^ i t  was e s ta b lish e d  th a t  th is  was a d isease  of the 
haem opoietie t is s u e  a sso c ia ted  w ith  abnom al p r o l i f e r a t io n  o f blood c e l l s ,  
o r blood c e l l  p re c u rso rs , in  haem opoletic c e n tre s  o r o ther s i t e s  throughout 
the  body# and th a t  blood changes were no t an in v a r ia b le  finding# The word 
leuhaemia p e rs is ted #  however, and g radually  became a convenient n o n -sp ec ific  
generic  term  comparable to  the term anaemia.
Since an e s s e n t ia l  fe a tu re  o f leukaemia i s  n e o p la s tic  growth o f one 
o r more o f  the  c e l l  ty p e s ' found in  hacm opoietic t is su e ^  i t  has been found 
p o ss ib le  to  c la s s ify  i t  by the  predominant tumour c e l l  present#  The fo llow ing 
types have been recorded in  man (M odified from Whitby and britton^» 1933)
Myeloid leukaemia# acu te  and chronic#
Lymphatic leukaem ia, acu te  and ch ron ic .
Monocytic leukaem ia# acu te  and chronic*
A typ ica l and mixed leukaem ias,
Polycythem ia Vera and ISfyelomatosis might a lso  be included in  th is  l i s t*
Good c o rre la t io n s  have been e s ta b lish e d  between the d u ra tio n  o f th is  
diseaset, th e  m a tu rity  o f the  prédominant tumour c e ll#  and the  age o f the 
p a tien t*  #%eu a sso c ia ted  w ith  an u n d if fe re n tia te d  or stemi c e l l ,  the  eoiirse 
o f the  d isease  I s  s h o r t ,  tend ing  to  be f a t a l  w ith in  a few weeks o r months 
a f te r  onset:, This type i s  moat common in  c h ild re n  and young a d u lts , Where 
a more mature tumour c e l l  i s  d iscovered , the  d u ra tio n  is  very  much longer 
and p a t ie n ts  a re  u su a lly  :Ui an o ld e r age group. Because of these  ra th e r  
c lo se  r e la tio n s h ip s  « the terms Acute and Ghronic have been In troduced , but— ra*VT»»iÈ*3rwt-«ï» ihiîwv^isî^jrvf ?
i t  should be noted th a t  these  d e sc r ip tio n s  a re  e s s e n t ia l ly  c l in i c a l  and 
snean:tngful in  p rognosis. In  both o f  these  ty p es , a very  cosmion fin d in g  is  
widespread involvement o f  bone marrow, although the  p e rip h e ra l blood p ic tu re  
may v a ry , % en  the  ab so lu te  blood count o f the  leucocy te , which i s  in -  
crim inated  in  the n e o p la s tic  p ro cess , i s  much h igher than normal t h i s  :ls 
described  as leukaem ia. I f  the  abso lu te  count i s  w ith in  normal l im its  the. 
blood p ic tu re  i s  aleukaemic and th i s  s t a te  can a lso  be temmd pseudo-leukaerala, 
SSiSJSteEElS apparen tly  r e f e r s  to  one o f two f in d in g s , a ) aleukaerala where 
c ir c u la t in g  immature c e l l s  a re  observed# i , e ,  one p a tte rn  o f  acu te  leukaem ia, 
or b) a p e r s is te n t  w htte blood count of le s s  than 30,000 per eu.ma. where 
the c e l ls  a re  a l l  mature in  ty p e , i . e .  a chronic type.
The phenomenon o f an increased  w hite  blood c e l l  count i s  termed leuco- 
c y tp s is . I t  i s  no t a sso c ia ted  sjodedy w ith  m alignant d isease  o f the  haemo- 
p o ie t ic  system , bu t i s  freq u en tly  tem porary in  n a tu re  and accompanites v a rio u s 
in fe c tio u s  p rocesses . I f  both the n eu tro p h il and the  lymphocyte count i s  
r a i s e d , /
raised#  this- i s  c a l le d  au Absolute lauG oavtosis* Where only the polymorph 
count 1g in c reased , the term employed i s  N eu tro p h ilias and Lymphocyto s is  
r e f e r s  to  an abso lu te  in c rease  in  lymphocytes alone» The so -c a lle d  LeuWemoid 
blood p ic tu re  i s  used to  d esc rib e  a  more la s t in g  r i s e  in  the  ab so lu te  count 
which i s  o fte n  a sso c ia ted  w ith  to x ic  s ta te s#  in fe c tiv e  cond itions o r m alignant 
d iseases  In  gen era l. I t  has been e s ta b lish e d  th a t  such non-leukaemlc haema- 
to lo g ic a l  find ings can alm ost in v a ria b ly  be d if f e r e n t ia te d  from tru e  leukaemia 
by bone marrow b io p s ie s ,
Leukaemias@ th e re fo re , have become c la s s i f ie d  in  3 ways, I )  according 
to  the  predominant tumour c e l l  p re s e n t , 2 ) from the  degiree o f tumour c e l l  
d if fe re n tia t io n #  but a c tu a lly  because th is  i s  r e la te d  to  the  d u ra tio n  o f the  
i l l n e s s ,  and 3) on haem atological d a ta .
Another most importairt group o f m alignant d iseases  in  man i s  th a t  of 
Tumours o f Lymphoid T issue , These a re  no t so coimonly a sso c ia ted  w ith  p e r i ­
p h e ra l blood c e l l  changes and have been c la s s i f ie d  alm ost e n t i r e ly  on a 
h is to lo g ic a l  b a s is ,  Dumb (1934), in  a monograph on a  s e r ie s  o f such eon»» 
d l t io n s # which were observed a t  the  W estm inster Hospital» London, between 
1940 and 1932, described  6 tumour types as follow s ; I )  F o l l ic u la r  lymphoma,
2) lymphosarcoma, includ ing  a) lymphoblastoma, and b) lytaphocytoma. 3) 
Reticulum c e l l  sarcoma (lymphosarcoma o f re ticu lu m  c e l l  ty p e ) , 4 ) R e tic u la r  
lymphoma (Benign Hodgkin^s d is e a s e ) , 5 ) Hodgkin*@ d isease  and 6 ) A nap lastic  
sarcoma o f lymphoid t is s u e ,
F o I l i e u l a r .lyaiphoma (syn . F o l l ic u la r  lymphoblastomas Giant f o l l i c u la r  
lymphoblastoma #/
lymphoblastoma# Lyrrphoid f o l l i c u la r  r e t i c u lo s i s )  i s  be lieved  to  be a tumour 
o f low malignancy w ith  a high p o te n t ia l .  L ocalised  eulargemaiita o f lymph 
nodes and splenomegaly a re  found. H is to lo g ica lly #  the  en larged  nodes have 
lo s t  th e i r  u sua l o o rtio a l-m ed u lla ry  arrangement* becoming packed w ith  la rg e  
and I r re g u la r  " fo llic le s* ' which have compressed the  s in u se s . This cond ition  
bears a s u p e r f ic ia l  resemblenee. fco a  r e a c tiv e  lynaph node. D iagnosis i s  based 
on m edullary invasion  by f o l l ic le s #  absence o f s inuses con ta in ing  inflammatory 
c e ils#  and# most important# the  absence o f macrophagea and the  r a r i t y  o f 
m ito tic  f ig u re s  w ith in  the  so -c a lle d  germ inal c e n tre s ,
LvRTphosarcoma (syn . lymphoblastoma and lymphocytoma) i s  a sso c ia ted  w ith  
lymph node enlargem ent o f the  neck o r abdominal nodes. Splenomegaly occurs 
in  50% of the  eases w h ils t gross fo c i  o f lymphocyte p r o l i f e r a t io n  in  bone 
marrow i s  noted in  257». Many o th e r organs and t is s u e s  may be i n f i l t r a t e d  
inc lud ing  the  ak in  producing the  co n d itio n  termed Ifycosis fungoides. H isto ­
lo g ica lly #  lymph node a rc h ite c tu re  Is  lo s t  and rep laced  by uniform  sh ee ts  o f 
lym phoblasts o r lyiuphocytes arranged on a f in e  stroma o f refc icu lin  f ib re s  w ith  
a supporting  fin e  v ascu la r network. T rabecu lar i n f i l t r a t i o n  mid invasion  o f 
the  capsule and the p e ri-n o d a l reg ions i s  very  comnon.
R e t,icu lm . ceI I  .sarcoma (syn . LymphoBarcoBia-Eeticutea c e l l  type# Eefco- 
thelsarcoma# re ticu loey tom a) i s  ch a tac te rised #  h is to lo g ic a lly #  by uniform  
sh ee ts  o f re ticu lu m  c e l l s ,  which rep la ce  the normal t is s u e  o f an a ffe c te d  
node. M ultlnuclea ta  c e l ls  a re  r a r e ,  F ib ro s is  and n ecro sis  may he fe a tu re s . 
The co n d itio n  may s t a r t  in  nodes o f  the  neck o r in  bone marrow ai&d become 
m u ltic e n tr ic . I t  i s  an uncommon# bu t h ig h ly  m alignant d ise a se .
Retiqu lar Jlymphqma (sym. Hodgkin's peiragraimloiaa# lyropho-reticular- 
m e d u lla ry -re tiq n lo s is# E arly  Hodgkin's d ise a se . Benign îlodgkln 's d isease ) 
i s  considered to  be the  p riim ry  s tage  o f  tru e  Hodgkin's d ise a se . I t  i s  a lso  
uncommon (5.1% o f Lumb' s s e r i e s ) .  Lymph nodes have been found to  be the only 
s i t e  o f  th i s  d isease  so far* The p ic tu re  i s  one o f sh ee ts  o f lymphocytes 
do tted  w ith  is o la te d  re ticu lum  c e l l s ,  some of which may be b i* n u clea ted ,
Capsule invasion  does not occur and n e c ro s is  i s  r tire , Tliere i s  more evidence 
o f co llag en  form ation than  in  lymphosarcoma, The du ra tion  off th i s  type m y  
be up to  10 to  15 y e a rs , a lthough i t  may q u ite  suddenly become much more 
m alignant and d e te r io ra te  in to  tru e  Hodgkin's d ise a se ,
llodg^kih 's,,,d isease  (syn, Hodgkin's granuloma# Lyraphadenoma# Lyr.ïphogranuloma 
malignum, Fibrom yeloid m edullary r e t i c u lo s i s )  i s  by f a r  the  most &aportant 
type o f lymphoid tumour found in  man and Accounted fo r 46,1% of the  West­
m inste r s e r ie s .  Any or a l l  o f the lymph nodes may be en larged  and the  spleen# 
l iv e r  and bone marrow are  a lso  o f te n  a ffe c te d . Skin i n f i l t r a t i o n  i s  coîmuon# 
re s u l t in g  in  ano ther form o f % c o s is  fungoides. le s io n s  along the  a lim entary  
t r a c t  are seldom found in  comparison to  lymphosarcoma where a lim en tary  tumour 
form ation is  a fe a tu re . The blood p ic tu re  v a r ie s ,  but i t  i s  never d ia g n o s tic . 
Severe eub»vterminal anaemia develops. H is to lo g ic a lly , th e re  a te  1) d e s tru c tio n  
o f the  normal node a :cch ltec tu re , 2) p r o l i f e r a t io n  of re ticu lum  c e l ls  and 
c h a r a c te r is t ic  g ian t c e l l s  (Dorothy E eed-Sternbarg c e l l s )  which a re  found in  
r e la t iv e ly  high  numbers, 3) F ib ro s is  in  the lesions#  and 4 ) the  preseitce o f 
eo sin o p h ils  and plasma c e lls*
<ay“ - ^ymphoblaacic retiouloEairconia, 
&Ba&laâtic._ammiB2^ o O z m ^ ^  (ay»- bymphoblaetic retiouloEairconia,
Hodgkin's sarcoma* Stem c e l l  sarcom a), This i s  the  i in a l  coimon pathway of 
the  foregoing  types which become a n a p la s tic  and com pletely u n d if fe re n t ia te d ,
I f  th e re  has been a long h is to ry ,  backed by lymph node b iopsies#  one may be 
more s p e c if ic  in  th e  d iagnosis e ,g .  Hodgkin's sarcom## bu t i t  le  doub tfu l i f  
one can t e l l  the  p recu rso r type in  moat cases , le s io n s  c o n s is t  o f  la rge  
h igh ly  invasive  non-eacapsul& ted masses o f tumour t is s u e  eozi#osed o f p le o ­
morphic stem c e l l s ,  Focal haemorrhages and areas o f n ec ro sis  a re  cororaon* 
t ilc e ra tio n  through the  sk in  Is  noted fre q u e n tly ; a ra re  observation  in  the 
o th e r types o f lymphoid tumours, The c o n d itio n  i s  h igh ly  m alignant and of 
sh o rt d u ra tio n ,
The ou tstand ing  fe a tu re s  o f th is  c la s s i f i c a t io n  are no t only the h is to ­
lo g ic a l d iffe re n c e s  between one type and another# which perm it a sp e c if ic  
d iagnosis in  most cases# bu t a lso  the  fact, th a t  the h is to lo g y  and the  d u ra tio n  
o f  the  d isease  are  c lo se ly  lin k ed . Thus, from a  la lsfcopatho log ist's  report#  
i t  i s  p o ss ib le  to  p red ic t#  to  some ex ten t*  how long the p a t ie n t  i s  l ik e ly  to  
l iv e .  In  the W estminster s e r ie s# th e  percen tage o f each type which survived 
fo r 5 years fo llow ing d iagnosis:--
F o l l ic u la r  lymphoma 62,5
Lymphosarcoma# over 35 years 22,22
Lymphosarcoma# under 35 years 12,50
Reticulum c e l l  sarcoma 12*50
R e tic u la r  lymphoma 80,0
Rodgîd.n*0 d isease  34*96
A nap lastic  sarcoma o f  lymphoid t is s u e  5.26
Thus# from th e  human p a t i e n t 's  viewpoint* fo lX ieu lar lymphoma or 
r e t i c u la r  lymphoma are  v a s t ly  d if f e r e n t  d iseases  from lyptphosareoma or 
a n a p la s tic  aarcoma,
E a rlie r#  in  America* a f a i r l y  complex nomenclature and c la s s i f i c a t io n  
o f tumours and tum our-Iike cond itions o f the  lyraphocyte# the  myelocyte # the 
ery th rocy te#  and the  re ticu lu m  c e l l  had been c re a te d  fo r  the LyîBphatic Tumour 
R eg is try  o f the & m rican A ssoc ia tion  o f P a th o lo g is ts  and B ac te rlo lo g iL ts , A 
re p o r t  based on th is  e la a s i f lc a t io n  was issued  by C allender (1934). This 
seems to  have been an attem pt by n o n -c lln ic a l  and non-easperimental pa tho­
lo g is ts  to  drax\f up a super c la s s i f i c a t io n  to  include  every p o ss ib le  tumour 
and tum our-like condition* Three p r in c ip a l  phenomena were recogn ised . These 
were 1) Réactions* 2 ) p ro l if e r a t io n s  o f n e o p la s tic  type and 3) m alignant 
tumours,
The main c r i t ic is m s  o f such a p a in s tak in g  c la s s i f i c a t io n  are  th a t  i t  
was h igh ly  co n tro v e rsia l*  p o ss ib ly  a e t io lo g ic a l ly  unsound and o f l i t t l e  value 
to  the c l in ic ia n .
G all and M allory (1942)* esqjressing d is s a t is f a c t io n  w ith  the c la s s i f ic a t io n  
used by Callender* p resen ted  a  l i s t  o f lymphoid tumours which they termed 
m alignant lymphoma* apparen tly  in  the hope th a t  the  innovaition of th is  
innocuous term might offend no-one. The types they l i s te d  on h is to lo g ic a l  
grounds were as fo llo w s;-  1) Stem c e l l  lyzaphoma* tdiich included a )  a 
sy n c y tia l  type and b) a d is c re te  c e l l  type, 2) Clasmatocyte lymphoma.
3) Lymphoblastic lynphoma. 4 ) lymphocytic lymphoma. 5) Hodgkin's lymphoma. 
6 ) Hodgkin's sarcoma. 7) F o l l ic u la r  lymphoma.
These workers noted th a t  the  f i r s t  4 in  the  l i s t  p resen ted  le s io n s  o f 
uniform  c e l l  sh ee ts  w ith  c e n tr ifu g a l  invasion . On the o th e r hand* the  f in a l  
th ree  types p resen ted  more complex c e l lu la r  p a tte rn s  and much le s s  evidence 
o f lo c a l invasivenesa. Compared w ith  Lumh's l a t e r  c la s s if ic a t io n #  there  Is  
broad agreement* Again# the s ig n if ic a n c e  o f G all and M allo ry 's  work i s  th a t  
the types they l i s te d  were m eaningful fo r  the  prognosis o f the in d iv id u a l 
ease and they were a l l  m alignant tumours.
from a l l  o f the  foregoing  i t  i s  c le a r  tha t#  so fa r  as n e o p la s tic  d isease  
o f haem opoletlc t is s u e  i s  concerned* the  two groups of d iseases#  Leukaemias 
and Lymphoid tumours, are  f a i r l y  d i s t in c t  except those which involve lympho­
b la s ts  and lymphocytes# i . e .  lymphatic leukaemia and lymphosarcoma. There 
is# today# wide agreement that#  h is to lo g ic a lly #  these  two d iseases  a re  id ­
e n t ic a l  (G a ll and Ikillory# 1942 and Lumb# 1954). However# the  view i s  s t i l l  
held  by some th a t  lymphosarcoma i s  a lo c a lise d  and very  d e s tru c tiv e  d isease  
process which i s  much more invasive  than  lym phatic leukaemia i n f i l t r a t io n s  
(Robbins, 1962).
The term R e tic u lo s is  has been used to  d esc rib e  lymphoid tuaiours in  
some c irc le s*  Today th is  term i s  o b so le te  and n o n -sp e c if ic . Lurflb defines 
I t  as "a re a c tio n  to  various s tim u li  o f those mesenchymal c e l l s  found 
s c a tte re d  throughout the  body as w ell as being lo c a lise d  in  c e r ta in  w e ll-  
define  s i t e s  such as the  lymph nodes# bone marrow# l iv e r  and sp le e n ."
HASTOOIETIC OTOUES IN TIE DOG*
Timioura o f Lymphatic Tissue Showing C e llu la r  D niforraity *
The e a r l i e s t  re p o r t  in  the  B r i t i s h  l i t e r a tu r e  was by HcFadyean (1903).
He/
He deaetibed  a d isease  which was a sso c ia ted  w ith  gen era lised  lymphadenopathy 
and splenomegaly. H is to lo g ic a lly # the lymph nodes and sp leen  were alm ost 
com pletely rep laced  by shee ts  o f uniform  lymphoid c e l l s .  E x ce llen t photo­
micrographs ware published  confirrûing th a t  the  d isease  was undoubtedly com­
parab le  to  the  lymphosarcoma o f Umib o r lymphocytic lymphoma o f G all and 
M allory, Four dogs and one p ig  were studied* but in  only one dog did  
McFadyean have an opportun ity  o f ca rry in g  ou t a f u l l  post-mortem axaîïiination, 
B iis  worker was fu l ly  aware th a t  the d isease  xms no t Hodgkin's d isease  as 
found in  man * and gave h is to lo g ic a l  c r i t e r i a  fo r Hodgkin's which a re  p e r ­
f e c t ly  v a lid  today. U nfortunately# the  t i t l e  o f the  paper was "Five cases 
o f Hodgkin's D isease in  the  Lower Anim als."
Another case in  the dog was described  by Hobday (1911). This was 
confirmed as ty p ic a l  (o f H odgkin 's) by MeFadyean. I t  was rep o rted  as 
aleukaemic* Although the d e sc r ip tio n  Hodgkin’s o r Fseudo-Hodgkin^a has 
been condemned (White# 1945; Jennings# 1953)j, th ese  terms a re  s t i l l  in  
use# I r fa n  (1958)# HilklngiL( 1958).
The term Leukaemia was used to  d esc rib e  a tumour in  a bulldog by Share- 
Jones (1927), This was thought to  be a sso c ia ted  w ith a p revious in jury#  
but n e ith e r  h is to lo g ic a l  nor haem atological d a ta  were given.
White (1945) used the term leukaemia fo r cases which were c h a ra c te r ise d  
by gross g en era lised  lymphadenopathy# splenomegaly and in f i l t r a t i o n s  in to  
o ther t is s u e s ,  No d e ta i l s  o f post-mortem or h is to lo g ic a l  exam inations were 
given. F o rty -fo u r cases# a l l  a d u lt animals# had been f'^und during  the 2 
y ear/
yaar period  1938-1939# g iv ing  an incidence o f 1 , 8% of a l l  au to p s ies  c a rr ie d  
out on dogs, The incidence o f o th e r tumours* p a r t ic u la r ly  m alignant tumours# 
was not given* 10 dogs* n e a rly  25% of h is  se rie s#  were S c o ttish  T e r r ie rs .
Xn soma cases a  "leukaemold" blood p ic tu re  (N eittroph ilia ) had been observed,
Innas a t  a l  (1946) in v e s tig a te d  a s e r ie s  o f 30 doge p re sen tin g  signs 
o f s u p e r f ic ia l  lymphadenopathy and hepatosplenom agaly, 17 o f them were 
sub jected  to  a post-mortem exam ination, No sex incidence was noted and 
only a d u lt anim als were a ffe c te d , 10% o f the  dogs in  th is  s e r ie s  were 
S c o ttish  T e r r ie r s , A b rie f#  but adequate# d e sc r ip tio n  o f the syndrorae was 
p resen ted . I t  was observed th a t  lymphadenopathy o ften  preceded o th er 
c l in ic a l  symptoms and the  p re te rm in a l s tag e  was a ttended  by marlmd em aciation 
and lo c a lise d  oedema. They observed# on exam inâtion o f blood# " tru e  leukaemia*" 
"aleukaemia" and a "leukaemold p ic tu r e ,"  Anaemia was coiwaon. The morbid 
anatomy followed a d i s t in c t iv e  p a tte rn  in  each case# i . e .  g en era lised  
lyaiphadenopathy, splenomegaly (except in  one case) and hepatomegaly.
T ransudates In to  body c a v it ie s  ware seen. The kidneys and feone marrow were 
o ften  involved, Tliymlc le s io n s  d id  not occur. A ffected  nodes ehowad a 
uniform  h y p erp la s ia  o f c e l l s  o f the lymphoblast ty p e ; th e re  was a high 
m ito tic  r a t e .  Focal haemorrhages and n e c ro s is  were p re se n t. In  the  sp leen  
the usual s t ru c tu re s  were la rg e ly  rep laced  by sh ee ts  o f tumour c e l l s ,  A 
c o rre la t io n  was claimed to  e x is t  between frank  leukaemia and a severe  marrow 
i n f i l t r a t i o n .  In the  case o f  the o th e r blood p ic tu res#  the le s io n  in  the 
marrow was thought to  be d if fe re n t#  bu t th is  d iffe re n c e  was no t described . 
A ffected  l iv e r s  were c h a ra c te r ise d  by i n f i l t r a t i o n  of the p o r ta l  t r ia d s  and 
w ith /
w ith  parenchymal fo c i .  Tlie d isp laced  h e p a tic  c e l l s  had undergone p ressu re  
aec ro s is  and the  s in u ses were be lieved  to  be packed w ith  fcmoiir c e l l s  only 
when blood changes were p re se n t. Kidney le s io n s  were m ainly d is c re te  c o r t ic a l  
fo c i o f lym phoblasts3 or d if fu se  i n t e r s t i t i a l  i n f i l t r a t i o n  along the  ju x ta -  
m edullary a re a s . In  th e i r  d iscussion#  they made c e r ta in  observations as , 
fo llo w s;«
1) the need fo r more accu ra te  da ta  on the  disease#
%} the terms acu te  and chronic  could no t be used#
3) the blood p ic tu re  m irro red  the  course o f the  d isease  w ith in  the  body#
4). leukaemoid blood p ic tu re s  com plicated the  haeraotological data*
5) the  pathogenesis remained obscure#
6 ) I n f i l t r a t i o n  of the  nervous system was no t observed in  any case ,
Jennings (1953) described  B cases in  the  dog o f s u p e r f ic ia l  lympha- 
denopathy aïxd splenomegaly which he termed Canine Leukaemia (Lymphadenosis). 
Five o f the  cases were subsequently  examined post-m ortem. S ix  o f the  anim als 
in  the s e r ie s  were S c o ttish  T e r r ie r s ,  The age incidence was between 3 and 
7 years and the  sex r a t i o  was 5 sriales to  3 fem ales. C lin ic a l  observations 
were not giveii in  any d e ta i l .  A t o t a l  o f 19 blood samples was taken . A ll 
cases p resen ted  a normochromic and norm ocytic anaemia# a sso c ia ted  w ith  
c ir c u la t in g  iiomob3,astSp except one which showed a m acrocytic hypochromic 
type. The mean t o t a l  w hite blood count was w ith in  normal range and the  
h ig h es t count was 25#000 c e l l s / eu .mm. This was a leukaemoid p ic tu re  (n e u tro ­
p h i l i a ) .  T\fo dogs had a lymphocytosis and the  rem ainder had normal prop­
o r tio n s  o f  leucocy tes , No p r im itiv e  c e l l s  were seen. Lymph nodes were 
en la rged /
X o
en larged  up to  3" x 2" x 1". They were firm , smooth and nwhile# sometimes 
w ith  a sso c ia te d  lo c a l oedema. On section#  they x-jere a g rey ish  yellow  colour 
and x-'Jithout o'onti‘b'o*mecluXlary d i f f e r e n t ia t io n ,  Foci o f n e c ro s is  and haem­
orrhages were found* The to n s i ls  in  a l l  cases ware, enlarged* Spleens were 
plum coloured w ith  grey markings and X7ore up to  5 tim es the  normal w eight.
The capsu les X'Jare ten se  and the  co n ten ts  sem i-liq u id  and g rey ish  red , 
M alpighian corpuscles were absen t m acroscop ically . In  2 cases# band in f a r c ts  
ware no ted . In  th re e  o f the dogs, the. l iv e r s  were enlarged  w ith  rounded 
edges which extended behind the  c o s ta l  a rch . They were m ottled  and one 
showed u n ra ised  yellox^ish-grey le s io n s  about %" in  diam eter. A sc ite s  
occurred in  2 o f these  case s . In  a l l  5 dogs, the  m esen teric  lymph nodes 
were exilerged, Im ig, kidney and marrow le s io n s  were observed, bu t no 
changes were xioted in  the  G,H,S. This xmrker emphasised th a t  no evidence 
o f f ib r o s is  and no m u ltin u c lea ted  c e l ls  were seen ( c f ,  Hodgkin's d ise a se ) .
In  the  d iscus a ion  a he made the  fo llow ing  points*»»
1) Leukaemia xms lymphogenous In  the  dog and most o f the e a r l i e r  
accounts xmre o f an id e n t ic a l  d ise a s e , a lthough the blood p ic tu re  v a ried  
somewhat,
2) He. condemned the  terms Hodgkin's o r Pseudo-Hodgkin's fo r  th is  
c o n d itio n ,
3) He could fin d  no a u th e n tic a ted  re p o r t  o f myeloid leukaemia in  the  dog,
4) He a lso  drew a t te n t io n  to  the  f a c t  th a t  blood exam inations had l i t t l e  
d iag n o s tic  or p rognostic  v a lu e , basing  h is  opin ion  not only on h is  oxm sm all 
s e r ie s ,  but on e a r l i e r  c o n tin e n ta l  xfork.
Got ch ill (1954) c la so ifiec t 1^150 tumours from dogs examined during 
the pe riod  1950*1953* I f  one accep ts the  now widely held  view th a t  lympho*" 
sarcoma and lymphatic leukaemia a re  in d is tin g u ish a b le , h is to lo g ic a l ly ,  then 
96 (8*3%) o f the  cases in  h is  s e r ie s  f a l l  in to  th is  category
Lymphatic leukosis 40
Thymic lymphosarcoma 5
K esen teric  uocte lymphosarcoma 5
I n te s t in a l  lymphosarcoma . 33
Liver lymphosarcoma 1
Kidney lymphosarcoma 1
Gases where the  terms in te s t in a l  
lymphosarcomaj thymic tumour or 
lymphatic leukosis were not 
in d ica ted  11
T otal 96 cases.
This s e r ie s  included benign tumours as w ell as suspected and fran k ly  
m alignant neoplasms * From a h is to lo g ic a l  s ta n d p o in t, th is  method i s  
p e r fe c t ly  p e rm iss ib le , b u t, c lin ic a lly ^ , th e re  i s  a d i s t in c t  g u lf  between 
a d isease  which i s  u ltim a te ly  f a t a l  and one which i s  no t. I f  one eittempts 
to  estim ate  the number o f cases in  the  " lymphoid group” as a percentage of 
the probable m alignant c o n d itio n s , then  the incidence o f th is  h igh ly  f a t a l  
d isease  assumes g rea t s ig n if ic a n c e  in  C otchin’a d a ta .
The la rg e s t  s in g le  s e r ie s  o f cases o f lymphoid fc^mours in  dogs stud ied
in /
in  depth to  date  in  the U Ji, was th a t  rep o rted  by I r fa n  (1961$). He termed 
the d isease  Lymphatic Leukosis. F if ty * s lx  dogs were included, Forty^four 
lymph node b io p sies  were c a rr ie d  o u t, and 28 dogs %fere sub jected  to  a post* 
mortem exam ination. A ll the p a tie n ts  were a d u lts ,  2 * 14 years o f age, and 
the  peak incidence was 6 y ea rs . E ighteen d if f e r e n t  breeds were a ffe c te d , 
but approxim ately 15% (8  c ases) were S c o ttish  T e r r ie rs , The sex r a t i o ,  
males to  fem ales, was 35;21. C l in ic a l ly , a l l  cases p resen ted  b i l a t e r a l  
enlargem ent o f pa lpab le  lyraph nodes xdiic'h were xmll defined , p a in le ss  and 
m obile. The lymph nodes in  the  throat; wore u su a lly  the f i r s t  to  be found 
Increased  in  s ia e  and an en larged  sp leen  was pa lpab le  in  10 cases . One case 
survived 12 months, but most wore destroyed ra th e r  e a r ly , one su sp ec ts , from 
the m ild syndrome which was described . Im pression? smears were made when 
lymph node b io p sies  were c a rr ie d  o u t. In  such im prin ts the  m ajo rity  c e l l  
was a lymphoblast w ith 2 to  3 n u c le o li w ith in  each nucleus. M ito tic  f ig u res  
were only seen in  some cases , I r f a n  p resen ted  d e ta i l s  of the  haem atological 
d a ta  and found th ree  d i s t in c t  blood p ic tu re s .  There were 6 dogs which showed 
leukaemia* 17 doge which shoxmd leukocy tosis  and 20 doge w ithout leu co cy to sis . 
Although not c le a r ly  d e fin in g  h is  terras, he c la s s i f ie d  the  leukaemia eases 
In to  3 ty p es , sub*acufcea chronic* and acu te . In  a l l  th ree  cases o f the 
so*called  chronic type, th e re  x^era c ir c u la t in g  im iature  lymphoid c e l l s .  Ho 
d a ta  were o ffe red  to  suggest th a t  these  subd iv isions were linked  to  the 
c l in i c a l  p ic tu re  in  any x^ay. Host o f the  leucocytofcic cases had a neutro-*» 
p h il i a  and h a lf  o f them had an accompanying abso lu te  lym phocytosis, In  
most o f the  cases in  the th ird  main group, the  normal range o f t o t a l  white 
blood/
blood c e llo  \<iaB found* but 8 o f them showed a moderate lym phocytosis, From 
the postfmortem da ta  given, the  d isease  appeared to  be id e n t ic a l  to  th a t  
described  in  the  l i t e r a tu r e  e a r l i e r ,  Hoxmver, th is  worker adopted the ex­
treme view th a t  Lymphatic Leukosis was only  a sso c ia ted  w ith  a lymphoblast 
c e l l  type , and considered th a t  any e ase , where o th er lymphoid c e l le  p re ­
dominated * should not be included under th is  t i t l e .  The lymph node im prin t 
technique was s tro n g ly  advocated as a d iag n o s tic  marker and an incidence o f 
tru e  leukaemia of only 30% was considered  u se fu l as an a id  to  d iag n o sis ,
I r fa n  observed 7 cases o f lymphosarcoma. He c la ssed  them w ith  those con^ 
ditIonsp  o ther than lymphatic le u k o s is , which caused enlargem ent of the 
lymph nodes and rep o rted  th a t  ” thoi :en la r  gemient confined to  the  m andibular * 
p rescapularp  in gu ina l and m esen teric  lymph n odes,”
In  the  United S ta tes*  the  e a r l i e s t  au th e n tic  re p o rt of a case o f th is  
d isease  may have been made by Milks and Goldberg (1919), This was a dog 
p re sen tin g  emaciation* e x te rn a l lymphadenopathy and abdominal m asses. I t  
was anaemic w ith  a t o t a l  leucocyte count of only 7*200/e u , On post-mortem 
exam ination a l l  lymph nodes were en la rged ; th e re  xijas splenomegaly and the 
marrox'j' was i n f i l t r a t e d ,  , ïiesions were composed o f shee ts  of uniform  lympho­
cy tes , , Because of the blood p ic tu re*  xdrich xms aleukaemic* th is  d isease  
was tai-med g @ e u d (^ W ç a a ^ . ,
S'paul'ding (1920) described  6 cases o f leukaemia and 7 cases o f pseudo* 
leukaemia which had been diagnosed in  15*000 c l in ic  dogs over a 3 year in te rv a l*  
There i s  l i t t l e  doubt th a t  some o f th e  eases x^ere haem opoletic tumours* but 
no/
no h is to lo g ic a l  d a ta  were given# The so le  haemograin which was described  
in  d e ta il*  and believed  to  be leukaemic* xmuld not be diagnosed as such a t  
the p re sen t tim e. This a r t i c l e  was sev ere ly  c r i t i c i s e d  by B arnett (1920) 
xdio s ta te d  th a t  " to  foe accep ted  the  d iagnosis  must have been based on d a ta  
s u f f ic ie n t ly  d e ta ile d  and c le a r  to  foe understood by o ther members of the 
p ro fe s s io n ,"  Hot a l l  have heeded th is  advice s ince  then ,
Feldman (1932) described  Lymphoblastoma as a m alignant d isease  in  which 
s u p e r f ic ia l  lymphadeiiopathy was u su a l. This worker "observed cases In  xdiich 
le s io n s  xmre ex tensive  In  the  th o ra c ic  and abdominal v iscera*  but w ithout 
any apparent in c re ase  in  the  p a lp ab le  lymph nodes o f the  body," In  h is  
opinion* such cases were e x cep tio n a l, Leuksiemla was regarded as one mani* 
f e s ta t io n  of the d isease  xdilch occurred only  in  a sm all percentage of cases * 
bu t he recommended blood exam inations to  d i f f e r e n t ia te  lymphoblastoma from 
myelogenous leukaemia and chloroma* both  o f which he regarded as ra re  co n d itio n s .
Reports o f o th e r in d iv id u a l cases which were diagnosed h is to lo g ic a l ly  
have been published* Milks 6î O lafson (1929)? Bradbury (1949); and IChuen 
(1947), Other re p o r ts  on s in g le  cases have lacked the e s s e n t ia l  h is to lo g ic a l  
d a ta  fo r p o s i t iv e  diagnosis# Examples o f these  a re  G ollingf (1939)3 Cherry 
(1940); A tkinson (1941) and Combo (1947), Rook (1947) described  a ease which 
may w ell have been lymphosarcoma o f the  m esen teric  lymph node* bu t h is to lo g ic a l  
d a ta  xfere w i t  te d , Konde (1947) d escribed  2 cases from the  same oxmer* one, 
o f x^hlch may no t have been a haem opoletic tumour.
Bloom & Meyer (1943) described  lymphoid tumours in  a s e r ie s  o f 20 dogs. 
B i la te r a l
B i la te r a l  s n p e r f ie ia l  lympbadenopathy occurred in  each, D e ta ils  were given 
o f  the  c l i n i c a l  p ic tu re*  haematology* lymph node Im prints and marrow s tu d ie s ,  
They proposed 4 c y to lo g ie s !  c a te g o rie s  fo r  th e i r  eases X) Lymphoblastic 
type* 6 cases* 2) %mphosarcomatous c e l l  type* 1 ease * 3) Mixed c e l l  type*
4 cases atid 4) Lymphocytic c e l l  type , Z c ases , Stem c e l l  lymphomas, Hodgkin*s 
d isease  and f o l l i c u l a r  Ijmapliablastoma xmre not encountered* This cy to  lo g ic a l 
c la s s i f i c a t io n  was dependent on a c a re fu l lyrsiph node im prin t technique and 
by a ttem p ting  to  s in g le  one case out o f 13 fo r  a sp e c ia l c lass*  Bloom and 
Meyer f a i le d  to  acknowledge the g rea t p ro b a b il i ty  th a t  th is  might sim ply be 
an example o f  b io lo g ica l*  or even techn ica l*  v a r ia t io n .
They found an Incidence of 0,2% in  a group o f 10*000 dogs. Ages v a ried  
from 3 to  12 years* averaging  9.08 years* Ho sex d iffe re n c e s  were found.
Seven S c o ttish  T e rr ie rs  were involved (30% of the  group). The d u ra tio n  o f 
the  il3m ess averaged 99 days from onse t to  the time of death . In  the  e a r l i e s t  
s tag es o f the  d isease  "lumps" were found on the  su rface  o f  the  body* bu t the 
anim als were o therw ise in  good h e a lth , la te r*  p a tie n ts  becarae l i s t l e s s  and 
a lim en tary  d is tu rb an ces xfcre seen . T h irst*  polyuria*  coughing and heavy 
b rea th in g  occurred . Terminally* th e  anin?,als were emaciated w ith  p a le  mucous 
membranes and p u ru len t ocu lo -n asa l d isch arg es . Blood find ings showed pro« 
greoalve anaemia w ith c ir c u la t in g  norm oblasts. There were no signs o f an 
acu ta  or chronic leukaemia £is seen in  man. In  a l l  the dogs* except one* there  
was an ab so lu te  n a u tro p h ilia  (Leukaemoid p ic tu r e ) .  A d iscrepancy was noted 
between hone marrow biopsy re s u l ts *  o f  which 1 cases x^are p o s i t iv e  and the  
r e s u l t s /
r e s u l t s  o f h is to lo g ic a l  exam inations o f  s e c tio n s , where 11 cases were 
p o s i t iv e .  This was a t t r ib u te d  to  the  fo c a l n a tu re  of the tumour i n f i l t r a t e s  
and i t  was thought th a t  se c tio n s  wero th e  more accu ra te  means o f fin d in g  
evidence o f tumour i n f i l t r a t i o n  in to  the  marrow. Goad d e sc r ip tio n s  were 
given o f  the  main t is s u e s  a ffe c te d  and h is to lo g ic a l  d e ta i l s  x?ere given of 
the  lymph nodes, spleen* l iv e r ,  g a l l  b ladder e tc ,  In  a l l  cases the to n s i ls  
were enlarged  and affec ted*  but no le s io n s  wave found in  the. C.H.S, Blooax 
and Meyer found no j u s t i f i c a t io n  fo r the  term leukaemia and dism issed e a r l i e r  
claim s th a t  myelogenous leuloaemia had been diagnosed* They noted the aggressive  
tendencies* such as capsu la r and perinndaX in f i l t r a t i o n s  in  the co n d itio n  
they described* and saw a s im ila r i ty  to  lymphosarcoma. Hox^ever* they con*^  
aiclered th a t  o th e r fea tu re s* in c lu d in g  sp leen  and marrow in f i l t r a t io n *  xmre 
n o t ty p ic a l  fin d in g s in  lymphosarconia. They* therefo re*  adopted the term 
M alignant Lyxophoma although the term chosen by G all and Mhllory re fe r re d  to  
o th er s p e c if ic  d isease  en itifc ies*  in c lud ing  Hodgkin’s disease* Bloom and Meyer 
considered  th a t  m alignant lymphoma was the most common type of haem opoletic 
tumour found in  dogs * and th a t  i t  x^as a sub«»acute d isease  ix’re sp e c tiv e  of 
the  predominant tumour c e l l  type found*
î-leier (1957) p resen ted  a review  ax n e o p la s tic  d iseases  o f the  haemo- 
p o ie t ic  system (so^,called Leukosis Complex) in  the dog* This was based la rg e ly  
on da ta  from the f i l e s  o f the Department o f Pathology o f the  Ange 11 Memorial 
Animal H osp ita l,B oston , M assach u se tts ., U^S.A. This au thor c la s s i f i e d  th ese  
d ise a se s  as follow s î«»
a ) The lymphomas
1) M alignant lymphoma - lymphatic leukaemia,
2) Lymphosarccrma,
3) Hodgkin’s aarcoma Hodgkin’s d ise a se ♦
b) Myelogenous leukaemia
c) Monocytic leukaemia
d) Myelomatosis
F if ty -W o  cases o f m lig u a n t  1.ymphoma \m te  su b jec ted  to  post-mortem 
©ssamination and d e ta i l s  o f the  anatom ical, c l i n i c a l  and haem atological r e s u l ts  
were ta b u la te d , This da ta  werie lu  agreement x^lth th a t  o f e a r l i e r  xm rkers, 
However, 7 o f the  32 cases d id  mot p re sen t s u p e r f ic ia l  lymphadenopathy, 
tumour les lm is  being confined to  the abdomen and /o r thorax , The tumour c e l l  
types recogn ised  were the  re ticu lu m  c e l l ,  th e  lymphoblast and the  lymphocyte, 
but no r e la t io n s h ip  was found beW een the d u ra tio n  o f the d isease  and the 
predominant c e l l  type, The term leukaemia was adm issib le  on blood exam ination 
in  only 14 cases , Hheti lym phocytosis and c i r c u la t in g  lym phoblasts were 
observed, no d iffe re n c e s  were found beW een the lymphocytes in  such cases 
and those in  the  blood o f h ea lth y  doge, except th a t  the la rg e r  c e i l s  were 
much more f r a g i le ,  The rem aining 38 cases were aleukaem ie, but g ran u lo cy tic  
leu co cy to sis  was common. Anaemia x^as r a re  in  the  s e r ie s .  Only patchy leuk­
aemia i n f i l t r a t e s  were observed in  the  bone rmrrow, although mye3,oid hyper­
p la s ia  xms o u ts tan d in g , Meier s ta te d  th a t  the  d iagn osis  was seldom advanced 
by a blood exm iination .
He was in  considerab le  d i f f i c u l ty  xAen d i f f e r e n t ia t in g  th is  d isease
from lymphs sarcoma # S im ila r i t ie s  were found, but he f in a l ly  accepted th a t  
lyiBphosaîrcoma was a more ©scpcinsive gïfowth than m alignant lymphoma and xms 
le s s  xfidespread throughout the  body. S u rp r is in g ly , a f t e r  the  w ealth  of 
d e ta i l  on m alignant lymphoma, th i s  au thor passed very  l ig h t ly  over the  20 
cases o f %aiphosarcoma in  the  f i l e s  o f th e  Ange 11 Memorial.
The h istopa tho logy  and c l i n i c a l  fe a tu re s  o f ocu lar le s io n s  in  10 dogs 
w ith  m alignant lymphoma have been described  by C ello  and Hutcherson (1962).
The eases were observed during  a survey la s t in g  fo r 3 y e a rs , b u t the  incidence 
o f eye le s io n s  xms no t g iven. In  7 o f the  dogs, the  h a a a a to lo g ic a l f in d in g s 
were repu ted  to  be subleukaemia and d ia g n o s tic , but the c r i t e r i a  employed in  
th is  a sp ec t o f  the  study were no t included . These au tho rs regarded eye 
changes in  th is  C ondition as p a r t  o f  the  penu ltim ate  stage  o f  the  d isease  
p rocess which was preceded by o th e r obvious c l i n i c a l  s ig n s . Consequently, 
i n f i l t r a t i v e  le s io n s  of the  eyas were no t regarded as u se fu l e a r ly  d iag n o stic  
markers in  th is  sp e c ie s .
Reviexfs on m alignant lymphomas in  anim als and leulcaemic n eo p la s ia  in  
the  dog have been rep o rte d  by Smith (1962, 1963). In  a  survey o f 301 cases 
in  the  dog, 5 c la s se s  were recognised? 1) a Lymphoma group, 2) a Ifyelocy tic  
group, 3) a Hodgkin’s group, 4 ) a î-last-celX group and 5) a C?TF group ( s ic )  
^ s tan d in g  fo r  contagious tran sm iss ib le  venerea l turaour. In  the  lymphoma 
group, th e re  was some evidence th a t  the  incidence o f the  d isease  tapered  o f f  
w ith  advancing y e a rs , bu t no sample o f the  background popu la tion  was pub­
lis h e d /
pub lished  to  perm it a s t a t i s t i c a l  e v a lu a tio n  o f th i s  viex-Tpoint. Smith was 
doub tfu l I f  th e re  was any re la t io n s h ip  between èncidence and breed , but 
again,, no sample o f the  background breed incidence xxraa included# This was 
not p o ss ib le  since  the  cases were derived  from the whole country  and a  few 
from abroach In  c la s s ify in g  the  lyoiphoiiias on the  b asis  o f the  c e l l  ty p es , 
i t  was acknox\fledged th a t  they ranged from stem c e l ls  to  w ell d i f f e r e n t ia te d  
lymphocytes and, although th e re  X'7as a marked c o n tra s t  between th e  txco extrem es, 
exac t c la s s i f i c a t io n  was a  m atte r o f p e rso n al judgement* Of the  186 cases 
re p o rte d , the  dorainant tumour c e l l  was found to  be a stem c e l l  in  58 c a se s , 
a h is t io c y te  in  73, a lymphocyte tu  2 1 , a poorly  d i f f e r e n t ia te d  lymphocyte 
in  19 and mixed or tn ic la s s if ia h le  in  15 eases* There weve in s u f f ic ie n t  c l i n i c a l  
d a ta  to  r e l a te  c e l l  type to  the  c l i n i c a l  outcome o f the  d ise ase  as had been 
dem onstrated in  lymphoid tm iours in  man by G all and M allory (1942).
A review  o f the l i t e r a tu r e  on haem atopoietic  tumours o f domestic anim als 
x?as p resen ted  by Squire (1964). In  a d e sc r ip tio n  o f lyjmphoaarcoam o f the  dog, 
he ended "As in  c a t t l e ,  lym phatic leulsaemia may a lso  occur as a prim ary 
d iso rd e r w ithout lymphosarcoma," but %ave no re fe re n c e s . L a te r , Squire 
(1965), in  a c y to lo g ic a l study o f m alignant lymphoma, rep o rted  th a t  2 out 
o f 2C dogs,which he had in v e s tig a te d , p resen ted  lymphatic leuW emia as 
opposed to  iymphosai'coma* This d is t in c t io n  was based on the  assum ption 
th a t  leukaemia was ty p if ie d  by x^idespread n e o p la s tic  i n f i l t r a t io n , w h ils t 
lymphosarcoma was c h a ra c te r ise d  by d is c re te  o r invasive  tumour form ation. 
H is to lo g ic a l d e ta i l s  o f these  cases were no t g iven. % e c y to lo g ic a l c l a s s i ­
f ic a t io n /
e la s s if io a tî io n  o f m alignant lymphoma Included the  follox\flug types â-
1) H is tio c y tic ?  2) lym phocytic, inc lu d in g  lyîiiphoblastic, prolym phoeytic, 
and lymphocytic types; 3) Plasm acytic? and 4 ) Hodgkin’s# C e ll types 
could only  be id e n t i f ie d  c o n fid e n tly  by exam ination o f c e l l  im p rin ts .
Although th is  au tho r adm itted th a t  2 o r more c e l l  types might be found in  
the  le s io n ss  he was of the  op in ion  th a t  one o f them In v ariab ly  c o n s titu te d  
a c le a r  m ajority* Ee be lieved  th a t  any c la s s i f i c a t io n  o f th is  d isease  
must r e s t  on c e l l  morphology, in s tan c in g  the  work o f G all amd J k l lo r y ,  but 
o m ittin g  to  s t r e s s  the fundam entally c l i n i c a l  b a s is  o f th e i r  c la s s i f i c a t io n  
o f the  lymphoid tumours o f man, Squire considered  th a t  a c e l l  type c l a s s i ­
f ic a t io n  xfas J u s t i f i e d ,  s in ce  th e re  m ight be a  m u lt ip l ic i ty  o f a e t io lo g ic a l  
agents which might be r e la te d  to  the  tumour c e l l  type# He fu r th e r  specu la ted  
th a t  a c y to lo g ic a l c la s s i f i c a t io n  might prove o f value in  the  dom estic 
anim als as i t  had in  man, xi/ith regard  to  th e ra p e u tic  response.
In  some o f the  e a r ly  European re p o r ts ,  the  phenomenon o f leu c o cy to s is , 
which appeared to  in d ic a te  a  myelogenous r a th e r  than  a lymphoid leukaem ia, 
lied, to  soma confusion . W eil and G lare (19G4; 1905) xirere co n fid en t o f the 
lymphoid n a tu re  o f th e  co n d itio n  when the  blood p ic tu re  was aleukaem ic, but 
probably  termed the  d isease  myelogenous when a n e u tro p h ilia  was observed, 
W irth (1920) a lso  m is in te rp re te d  th e  leucocy too ls i n i t i a l l y ,  b u t , on r e ­
exam ination o f d a ta , i t  was recognioed th a t  leul^aemia in  the  dog was mainly 
lym phatic, and this included those cases where a  neu troph ilia , was observed, 
W irth and Baumann (1933).
îluty.ra e t  a l  (1949) gave a resmxe o f the  g en era lised  d isease  compiled 
frm i European so u rces# They considered  th a t  I t  x^as r e la t iv e ly  common in  
the  dog and was predom inantly o f the  lymphatic type. î t  occurred in  a d u lts  
and aged an im als, and m ales predom inated. The c l i n i c a l  fe a tu re s  Included 
g ro ss , p a in le s s ,  b i l a t e r a l l y  symmetrical enlargem ents o f most s u p e r f ic ia l  
lymph nodes xv»ith hepato-splenom egaly. Dyspnoea and /o r a lim en tary  d is tu rb an ces 
were coîTsmonp to g e th e r w ith  fev e r and anaemia. At a l a t e r  s tage  o f the  d ise a se , 
th e re  were d ep ress io n , w asting  and sometimes oedema which wer;e followed by 
death . The blood p ic tu re  showed 3 r e l a t iv e ly  d i s t in c t  types 1) I^eukaemlc,
2) Subleukaemic and 3) a I^eucocytotic blood p ic tu r e • The anatom ical p a tte rn  
was one o f g en e ra lised  lymphadenopathy, splenomegaly w ith  I n f i l t r a t i o n  of 
bone marrow, liv e r ,k id n e y s  and th e  g a s t r o - in te s t in a l  t r a c t .  E lo to lo g ic a lly , 
node s tru c tu re  was rep laced  by sh ee ts  o f lymphoid c a l l s  showing i n f i l t r a t i o n s  
in to  the  tra b e c u la e , capsu les and p e ri-n o d a l a re a s . The sp leen  was c h a ra c te r ise d  
by h y p e rp la s ia  o f f o l l i c l e s  o r the  fo m a tio n  o f d if fu se  lymphoid c e l l  sh e e ts . 
Severe i n f i l t r a t i o n  o f  the p o r ta l  t r ia d s  o f the  l iv e r  to g e th er w ith  stream s of 
tumour c e l l s  in sinuses were noted . The tumours o f the  w all o f  the  g a s tro ­
in te s t in a l  tract ware expansive and s te n o t ic ,  Hutyra e t  al considered t h a t ,  
to  e s ta b l is h  a d iagnosis  o f th i s  c o n d itio n , i t  was e s s e n t ia l  to  examine a 
s ta in e d  p rep a ra tio n  o f blood, but they f a i le d  to  ex p la in  how one reached a 
d iagnosis  o f leukaemia when th e  blood p ic tu re  was c o n s is te n tly  subleukaemic 
o r Xeukaemoid, Here, they b e liev e d , repea ted  blood exam inations m ight prove 
h e lp fu l .  They s tre s se d  however, th a t ,  in  the  d i f f e r e n t i a l  d iagnosis  from 
o th e r /
A o
o th e r  cond itions xAere lymph node enXargament i s  found* few o th e r  cond itions 
produce a gross p a in le s s  and b i l a t e r a l l y  symmietrical enlargem ent o f lymph nodes.
Another lymphoid fcmiour was described  ’which s ta r te d  in  the  m ed ias tin a l 
lymph nodes and spread m etasfcatica 'ily  to  th e  sp le en , l iv e r  and bone marrow*
This c o n d itio n , thought to  he coimon, was regarded as "occupying an in t e r ­
m ediate p o s it io n  between g en era lised  lymphadenosia of pseudo- leukaemia type 
and m alignant tumours#" This d isease  they termed LymphosarcoraatosiB*
R ecen tly , Backgrën (1965) p resen ted  an ep iso o tio lo g ica l, c l i n i c a l  and 
haemato lo g ic a l  re p o r t  on 60 cases o f lytaphatic leutxosis in  dogs escamined a t  
c l in ic s  throughout Sweden over an 18 month In te rv a l ,  The o v e ra ll  incidence 
was be lieved  to  be 13 per 100,000 a t  r i s k .  Boxers and S c o ttish  T e r r ie rs  ware 
found to  be s t a t i s t i c a l l y  o v e r-rep resen ted  in  the  leukosis group, and Dach­
shunds were u n d er-rep resen ted . The d ise a se  described  was s im ila r  to  th a t  
found in  the  United S ta te s ,  the  U nited Kingdom and o th er European c o u n tr ie s .
ItBackgr^n observed th re e  d i s t in c t  c l i n i c a l  phases o f the co n d itio n  and thought 
th a t  the  haem atologica 1 and biochem ical escaminatione \mve r e la te d  to  the 
c l i n i c a l  phases. In  the  e a r l i e s t  phase, lymph node enlargem ent was the  main 
c l i n i c a l  fe a tu re . L a te r , th e re  were lo ss  o f c o n d itio n , anaemia and a lim en tary  
d is tu rb an ces , F in a lly ,  the  anim al became moribund. In  20% o f  the  dogs, 
c ir c u la t in g  immature o r  abnormal lymphocytes x-jere observed as th e  d isease  
advanced. This xms accompanied by lym phoaytosis, but cases o f fran k  leukaemia 
were rare*  Bono marrow a s p ira te s  showed an in c rease  in  the  " b la s t” c e l l  count 
as the  d isease  p rogressed , A c o r re la t io n  was e s ta b lish e d  between the  p e r ip h e ra l 
lyiBphocyte/
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lymphocyte count and the  lymphoid coû ten t o f the  marroxj and a lso  between 
the  degree of splenomegaly and thedegree o f tumour c e l l  i n f i l t r a t i o n  o f the 
sp leen . Lymphoeytoaio was a lso  p o s i t iv e ly  c o rre la te d  xfith i n f i l t r a t i o n  o f 
the  sp leen  and liver#  Serum p ro te in s  ware depressed due to  a f a l l  in  albumen* 
T erm inally , the  a lp h a -g lo b u lin  le v e ls  in c re a sed , but th e re  was v a r ia t io n  in  
the  gamma^globulin f r a c t io n , Tlte l a t t e r  was e sp e c ia l ly  low where concom itant 
in fe c tio n s  xmre found, The p ro to c o ls  o f th is  study may have included the 
enlargem ent of one or more s u p e r f ic ia l  lymph nodes as d iag n o s tic  marker is> 
since  no case^of a  non<-^generalised n a tu re  xms described . Indeed, th is  type 
of study may s p e c i f ic a l ly  exclude such cases .
Das (1951) found 8 cases o f lymphoid leukaemia In  dogs in  C a lc u tta ,
This was la rg e ly  a review  a r t i c l e  covering  the  l i t e r a tu r e  and the a e t io lo g ic a l  
fa c to rs  which have been th e  su b je c t o f  sp e cu la tio n , This x^orkor wrote " i t  
i s  g en e ra lly  s ta te d  th a t  the  blood p ic tu re  u su a lly  shows a heax^ increase  
in  w hite blood co rpuscles m ainly due to  a com parative in c rease  in  the  number 
o f lymphocytes" which i s  no t e x ac tly  in  agreement w ith  the  re fe ren c es  he gave,
Tumours o f  Lminhatic T issue P re se n tin g  Complex C e llu la r  P a t te rn s .
There had been no a u th e n tic  re p o r ts  in th e  l i t e r a tu r e  on Hodgkin’s 
d isease  In  the  dog before 1934 x^hen MacJIahon rep o rted  a case in  a  mongrel, 
file tumour x?as a lo c a lise d  mass o f m atted c e rv ic a l  lymph nodes which, 
h is to lo g ic a lly *  s a t i s f ie d  most o f the  c r i t e r i a  o f Hodgkin’s in c lu d in g  the 
presence o f  many Eeed-Sfcernberg c o l l s .  S ta lk e r  e t  a l  (1936) described  a 
more g en era lised  d isease  invo lv ing  the  m esen teric , m ed ias tin a l and b ronch ia l 
lymph/
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Xyraph nodes as w ell as the  lungs 5 l iv e r  * sp leen  and pancreas, There were 
f ib ro s is  in  the  le s io n s  and many polymorphonuclear leucocy tes , Some L^mghasi 
G iant GelXa were found âîtd a  fexf c e l ls  id e n t ic a l  to  E eed-Sternberg ce lls*  
î?,oainDphllsj, re ticu lum  c e l ls  and plasma c e l l s  were prominent# Bloom (1952) 
a lso  described  a g en era lised  form in  which m esen teric  and m ed ias tin a l lymph 
nodes, sp leen  and l iv e r  x^ jtare. affected*  A s im ila r  h is to lo g ic a l  p ic tu re  was 
observed, bu t f ib ro s is  was le s s  o f a  fe a tu re  and the d iag n o s tic  m u ltin u c lea te  
c e l ls  were sp a rse , B arohfie ld  (1953) rep o rted  s im ila r  le s io n s  in  th e  l iv e r  
and lungs o f a young b itc h . E richsen  (1955) described  a lo c a lis e d  tiisnour 
causing  u lc e ra t io n  on the back w ith  involvement o f a sso c ia ted  p e lv ic  lymph 
nodes* The le s io n s  appeared to  f u l f i l l  the  c r i t e r i a  of Hodgkin’s inc lud ing  
the  presence o f la rg e  numbers o f Eeed'"Sternberg ce lls*  S ix  cases were r e -  
corded by Meier (1957), A ll \^ate lo c a lis e d  s u p e r f ic ia l  tumours, In  only 
two o f the  eases d id  the h is to lo g y  resem ble those rep o rted  b e fo re . The 
o th e rs  a re  very  doub tfu l c a se s , and may simply be forms o f chronic granulom ata, 
A good reviex^ o f the  l i t e r a tu r e  xms given by Moulton and B ostick  (1958),
They described  a case o f an u lc e ra t iv e  le s io n  o f a paw xfith apparen t spread 
to  the p rescap u la r and m ed ia s tin a l lymph nodes and the sp leen . H is to lo g ic a lly , 
the  le s io n s  in  the paw and th e  nodes f u l f i l l e d  the  c r i t e r i a  o f human Hodgkin’s ,  
a lthough, as in  some o f the  foraier e a se s , not many d iag n o stic  c e l l s  x^ere 
observed. I t  must be s ta te d  th a t  none o f these  re p o r ts  «rs^ . r e a l ly  convlnoing,
Smith (1963) found 7 cases in  dogs out o f a s e r i e s 'o f  301 leukaemic 
tumours. In  5 of the c a se s , the  sp leen  was g ro ss ly  en larged  and, in  4 o f 
th e se /
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th e se , the  l iv e r  was a lso  g ro ss ly  Involved# C e lls  resem bling Reed-8 te rn b e rg 
c e l l s  were recognised  in  each c a se , b u t, p r in c ip a l ly  on the grounds th a t  
s im ila r  c e l l s  had been observed in  12 cases per 1 ,000  o f m alignant lymphoma 
in  c a t t l e ,  he was not e n t i r e ly  convinced th a t  tru e  Hodgkin's d isease  was an 
e n t i ty  in  the  dog;#
In  man th e re  i s  a d i s t in c t  sex r a t i o  in  Hodgkin's d ise a se , males fa r  
OBl>numberlng feaialeB# In  the  re p o r ts  on the  dog, hoxmver, more fem ales have 
been found than m ales.
A co n d itio n  in  the  dog which could be diagnosed as Hodgkin’ s d isease  
has no t been recognised  a t  th i s  h o sp ita l#
One Is  tempted to  compare th i s  c o n d itio n , as rep o rted  in  the dog, w ith  
Benign Hodgkin's in  man, but the  d iffe re n c e s  a re  marked, s in ce  r e t i c u la r  
lymphoma has never been found except w ith in  lyiaph nodes and th e  c e l lu la r  
p a t te rn  i s  d is s im ila r .
G iant f o l l i c u la r  lyi'flphoblastoma has no t y e t been described  in  dogs, 
although i t  has been suspected  (Jones and Berg, I960).
Other leukaem ias.
The range o f leukaemia d ise a ses  which has been rep o rted  in  man does 
no t appear to  oocur in  the  dog. M il1s t  th e re  have been many cases o f the 
lym phatic type re p o rte d , o th e r  types a re  rare#  Only on© case o f b aso p h ilic  
leukaemia has been described  (RomaneH i ,  1953), This worker p resen ted  good 
photographic evidence to  support h is  d iag n o sis . M irth e t  Baumann (1933) 
adm itted /
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adm itted  th a t  cases which had been regarded  e a r l i e r  as myeloid leukaem ia, 
on the  evidence o f the  blood p ic tu r e ,  were in  f a c t  lymphatic leukaemia w ith  
a XeukaemoM blood p ic tu re .  Bloom and Meyer denied th a t  any genuine case 
o f myelogenous leukaemia had been described  in  t h e I l i t e r a t u r e , p r io r  to  
1945. The f i l e s  o f the  Ange11 Memorial H o sp ita l, Boston, o ffe re d  evidence 
th a t  the  d isease  d id  occur (M eier, 1957)* E igh t cases were reported*  Lucke 
and Sumner-Smith (1963) and Hedx^ ray & Rapp (1962) have a lso  recorded  cases in  
the dog. The c h a r a c te r i s t ic s  o f th i s  type x\rere the  absence o f marked lympha» 
denopathy and the  presence o f an enormously en larged  sp leen  which was regarded 
as alm ost d ia g n o s tic . H is to lo g ic a l se c tio n s  revealed  i n f i l t r a t i o n s  o f c e l ls  
which, from th e i r  v a r ia t io n  and s im i la r i t i e s  to  the  range o f myeloid c e l l s ,  
supported the  d iag n o sis .
Cases o f myelcrâiatovxs n eo p la s ia  were observed by Smith (1963) in  28 of 
the 301 dogs w ith  leukaemic neoplasia*  Myeloma, pXasamcytoma, myelogenous 
leukaem ia, g ran u lo cy tic  leukaem ia, o r soma eq u iv a len t term  was employed x^lthin 
th i s  group. Smith x^as o f the op in ion  th a t  " ju s t  xAat fundamental d iffe re n c e s  
e x is t  betxmen the lymphoid and the  myeloid neap3-asma w i l l  u l t ia ia te ly  have to  
be dècided on a e t io lo g ic a l  grounds,"
Meier (1957) a lso  recorded  a p o ss ib le  case o f monocytic leukaemia w ith  
c ir c u la t in g  monocytes and m onoblasts. There i s ,  however, top  much con troversy  
over the  so -c a lle d  monoblast to  accep t th i s  xflthout re se rv a tio n s*
jyelOMaKgsis.
Only a  few in s tan c es  o f plasma, c e l l  myelomas have been described  in  dogs, 
(Bloom,/
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(Bloom, 1946; JenuingOa 1949)# There, a re  a lso  two cases in  the  f i l e s  a t  
th is  h o sp ita ls  bu t th is  c o n d itio n  in  the  dog does not appear to  be a t  a l l  
common#
B r ie f ly , one might sm m arise  the  l i t e r a tu r e  by s ta t in g  th a t  the  con- 
satèSUB of opin ion  has incrim ina ted  the  lyraphoid c e l l  s e r ie s  In  the  m ajo rity  
o f leukaemic tumours o f the  dog* True leukaem ia, which i s  c h a ra c te r ise d  
by s p e c if ic  changea in  the  c i r c u la t in g  blood c e l l s ,  i s  r e l a t iv e ly  unconmion, 
and th e re  i s  s t i l l  in s u f f ic ie n t  evidence to  r e l a te  the dominant tumour c e l l  
in  the  t is s u e s  to  the c l in i c a l  outcome o f the d isease  w ith  the degree o f 
confidence which i s  ehoxm in  the  lymphoid tumours o f man#
HAmiALS A m  METHODS #
This re p o r t x-ms based on d a ta  xAich were c o lle c te d  from 130 dogs ad­
m itted  to  th i s  h o s p ita l  between the  yeara 1954 and 1964, Each animal W£is 
su b jec ted  to  a d e ta ile d  autopsy* C lin ic a l  exam inations were c a r r ie d  ou t 
on 115 of these  dogs and haem atological and biochem ical t e s t s  ware p e r ­
formed on the  venous blood o f 91 dogs in  the  c l in i c a l  group.
The morbid anatom ical appearances o f a ffe c te d  organs and t is s u e s  in  
each case x^are recorded a t  the tim e o f au topsy . Blocks o f t is s u e  fo r h i s to ­
lo g ic a l exam ination xnove taken from most o f the major organs and a l l  t is s u e s  
xAlch appeared to  be a ffe c te d  w ith  the d ise a se , The t is s u e s  were fixed  in  
Form ol-sublim ate, dehydrated and c le a re d  in  alcohol-am yl a c e ta te -b e n so l s e r ie s  
and double embedded in  c e l lo id in  and p a ra f f in ,  Sections %mte s ta in e d  w ith  
Eaematoxylin and Eosin. In  th e  l a t e r  s tag es  of the  survey , im prin t smears 
were prepared from a ffe c te d  iyraph nodes from 14 dogs im ie d la te ly  a f te r  death  
and these  x^ere s ta in e d  xfith L eisW an’ s s ta in ,
Ilaem atological exam inations xmre c a r r ie d  ou t on uncoagulated venous 
blood. The E ry th rocy te  Sedim entation R ates xvrere estim ated  by the method of 
M introbe and Landsberg (1935), Txm methods were used to  estim ate  Packed 
C e ll Volumes, Up to  1962, the  technique employed was th a t  o f Wintrobe (1933), 
T hereafterp  the Hawksley Haem atocrit xms introduced^ w ith  a stan d ard ised  
c e n tr ifu g a tio n  in te rv a l  o f 6 m inutes a f t e r  F ish e r (1962), The Oxyhaemoglobin 
le v e ls  were c a lc u la te d  according  to  the  method of B ell e t  a l  (1945), U n til 
1962/
o1962ÿ the  t r a d i t io n a l  methods o f e s tim a tin g  the T o ta l E ry th rocy tes and T o ta l 
leucocy tes per cn.miti, fof blood wea?;eemployed^ using  fhoma p ip e t te s  and Improved 
Meubauer Haemocytometers  ^ B a d e  (1963.). Subsequently^ an e le c tro n ic  p a r t i c le  
counterp C oulter Counter^ Model "D", was c a l ib ra te d  and used fo r  ro u tin e  
e ry th ro cy te  and leucocyte coun ts, A th in  blood film  was prepared and s ta in e d  
w ith  l a i s W a n '8 s ta in  from the m a jo rity  of blood samples, A D if f e re n t ia l  
Leucocyte Count x^as c a rr ie d  out accoxrding to  the  method described  by Dacie 
(1963), In  add itiona  D if f e r e n t ia l  Lymphoid C e ll Counts xrere performed on 
se le c te d  blood film s.
Biochemical exm%inat ie n s  were c a r r ie d  out on heparin laed  venous blood* 
Plasma F ro te in  le v e ls  were estim ated  by a m o d ifica tio n  of the o r ig in a l  b iu re t 
raethod a f t e r  îteichselbaum  (1946). The Albimèn G lobulin r a t io s  were c a rr ie d  
ou t by e le c tro p h o re s is  using  d a ta  from M artin  and Franglen (1954)  ^ Jen tks 
a t  a l ,  ( 1955)3 Henry e t  a l ,  (1957). Blood Urea es tim atio n s  c a rr ie d  ou t 
by the Urease and Hess1erise ltion  method described  by H arrison (1947) and 
l a t e r  by Varley (1958), Three methods were used fo r the e s tim a tio n  o f Serum 
A lkaline  Phosphatase le v e ls . U n til 1957g the  method was a f t e r  King e t  al* 
(1 9 5 !); between 1957 and 1963 a f t e r  King and Woottou (1956); th e re a f te rp  
by the. method of Bessey e t  a l .  (1946), Serum transam inase es tim atio n s  were 
c a rr ie d  out u sing  a c o lo r im e tr ic  method adapted from Sigtna Tech* Bull* Ho*
505, The B iliru b in  le v e ls  were c a lc u la te d  u n t i l  1963 by the method o f King 
e t  ai* (1950)p and then  by the  methods o f Je n d ra ss ik  and Cleghorn (1936) and 
Je iid rass lk  and Grof (1938).
R ad io log ica l exam inations ware c a r r ie d  out on 72 o f the doge.
^  iS
HormaX Values of Haematological and 
BiocbeBiieal Tests on the Blood o f Adult Bogs,
I'laematological D ata# A fte r  I r fa n  (1961a).
Haemoglobin 17.5 & 1.5 gms./lOO ml*
T ota l E ry throcy te  counts 6.11 ± 1*05 rallllons/cu.aim *
Packed C e ll Volume 52.0  à 6%
M.C.V. 86,0  & 13 cu.|Ji
H.C.H.G* 33 .0  ± 57c
Biochemical B ata. H osp ita l f ig u re s .
Serum P ro te in  5 - 7 .8  gm.
A/G r a t i o  0 ,6  -  1.2
Blood u rea  30 (0-45)
A lkaline  phosphatase 1 - 1 5  K.A, u n its
Serum transam inases < 40 S .F , u n its
B iliru b in  0 .2  -  0 .6  mgm./lOO ml*
a  -a
GÏASSXFICATIOH OF LYMPHOSARCOMA OF THE DOG.
Att a r b i t r a r y  c la s s i f i c a t io n  o f th i s  d isease  %ms wade oa the  b as is  of 
the  anatom ical d is t r ib u t io n  of the  gross tumour le s io n s . Each case was 
assigned  to  one o f th ree  form sî l ) a M ulticen triG  ty p e ; 2) an A lim entary 
ty p e ; 3) an A berrant ty pe.
Each o f the forms xms a sso c ia te d  xfith a r e la t iv e ly  d i s t in c t  c l in ic a l  
syndrome and thus the c la s s i f i c a t io n  was a lso  ju s t i f i e d  from the vlexïpoint 
o f d i f f e r e n t i a l  diagnosis*
D e ta ils  o f the  d is t r ib u t io n  of the  le s io n s  and the number o f dogs in  
each group a re  given below#
THE PATHOLOGY OF THE DISEASE.
THE ANATOMICAL DISTRIBUTION OF LESIONS.
A summary o f the  d is t r ib u t io n  o f the  le s io n s  o f lymphosarcoma in  the 
cases i s  given in  Tables 1 and 2,
The le s io n  complex follow ed 2 main t r e n d s . One major group was character* 
Ised  by b i l a t e r a l l y  sym m etrical enlargem ent o f alm ost every s u p e r f ic ia l  lymph 
node to g e th e r w ith  hepato-eplenom egaly. Host o f the  deeper nodes were a lso  
a ffe c te d . Other t is s u e s  wex*e a ls o  involved , inc lud ing  the  a lim en tary  system , 
k idneys, lungs, hctart, to n s i l s ,  pancreas and bone marroxf. O ccasionally  the 
sk in , ayes and vo lun tary  muscle were a f fe c te d , but le s io n s  in  the  c e n tra l  
nervous system were not recorded except in  a s in g le  case* There were 61 dogs 
in  th is  group and th is  p a tte rn  was termed the
<lJ
TA BLE ^
D is tr ib u tio n  o f the  Lea Ions In  .130 Autopsied Cgaes.
Lymph nodes.
S u p e rf ic ia l
Thoracic
A n te rio r S te rn a l 
M asenteric 
Other abdominal 
L iver 
Spleen
A lim entary t r a c t
Heart 
Tons11 
^larrow 
T o ta l
Hulticentric
61 
42
49 
56
50 
52 
19 
26 
14 
11 
25 
14 
61
0
6
14
50
18
38
5
47
12
6 
1 
1 
1
61
A berrant T otal
4
7
3 
0
4
8
62
49
14 
99 
78 
95 
60 
66 
42 
20 
12 
26
15 
130
TABï® 3
The D is t r ib u t io n .o f  Minor Lesions
a D
M u ltic en tr ic A lim entary Ab,C|i:»rant Total
Number o f casesifWW*!,* V rp* *#r#k tci: ..ftWoM.t*';#**':# i l ê k S m
Abdominal f lu id 1 4 1 6
Adrenals 3 1 4
G.H.S. 1 1
Eyes 3 3
Hydrothorax 2 2 4
Jaundice 4 3 7
Lachrymal gland 1 1
MtXmmae 1 1
Oesophagus 1 1
Pancreas 6 3 9
Peritoneum 1 1
P ro s ta te 3 1 1 5
Skin 3 3
Scrotum A 1
Thymus 4 4 8
Thyroid 1 1
U rinary  b ladder 3 1 4
U terus & ovary 1 1
V oluntary muscle 1 1
J  Y
The second group a lso  comprised 61 dogs and was tersied the  "alim entary  
ty p e ."  I t  xms clear3.y d i f f e r e n t ia te d  from the  m u ltlc e n tr lo  type because the 
s u p e r f ic ia l  lymph nodes were never a ffe c te d  and splenomegaly was very  seldom 
found* These anim als a l l  had tumour le s io n s  o f the  gas t r o - in t e s t I n a I  t r a c t  
o r in  the  m esenterfc lymph node. F requen tly  both s i t e s  were involved* Less 
commonly, o th e r  organs w ith in  the abdominal and th o rac ic  c a v i t ie s  were in ­
f i l t r a t e d .  In  14 c a se s , gross enlargem ent and hum ifica tion  o f the a n te r io r  
s te rn a l  lymph nodes weazenoted, and in  se v e ra l c a se s , th is  xms the  so le  e x tra -  
abdominal le s io n  xAleh xyas reco g n isab le  m acroscopleally .
Tiie sm all number o f cases which remained formed no c le a r  cu t anatom ical 
p a t te rn ,  so no a ttem pt was made to  subdivide them although I n f i l t r a t i o n  of 
the  l iv e r  was observed in  7 o f  the  8 dogs. This was described  as the  "A berrant 
ty p e#"
TM IHGXBENÛE OF LYM2H08AEC0HA IN THE gQ0T-HOETEM EGOM.
Out o f 630 cases where dogs died o r were destroyed due to  the  presence 
of m alignant d ise a se , 140 were found to  be su ffe r in g  from lymphosarcoma; an 
incidence o f 22.2%.
HXSTO^gATIIQLOQIGAL FINDINGS.
Very few d iffe re n c e s  ware observed in  th e  m acroscopical and m icroscop ical 
appearances o f in d iv id u a l tumour le s io n s  in  the  th ree  forms o f the  d isease  and 
the  co n d itio n  w i l l  be considered  here  as a s in g le  e n t i ty .  P o in ts  o f c o n tra s t  
w i l l  be in d ic a te d  and described  in  the  t e x t ,  where th is  i s  necessary .
o o
t im mgPH NQBE8.
O bservations p f  the lymph nodes of h ea lth y  dogs. P a lp a tio n  of the  
s u p e r f ic ia l  lymph nodes o f a d u lt  dogs, showing no signs o f c l i n i c a l  d ise a se , 
revealed  th a t  the subm axillary , p rescap u la r and p o p l i te a l  nodes were freq u en tly  
la rg e r  than  h a se l n u ts , w h ils t the  a x i l la r y  and s u p e r f ic ia l  in g u in a l nodes 
xmre sm aller and much le s s  re a d i ly  p a lp a b le ♦
In  20 dogs, the  s u p e r f ic ia l  nodes were examined soon a f te r  death  and i t  
was confirm ed th a t  the  a x i l la r y  and s u p e r f ic ia l  in g u in a l nodes were sm all 
and d i f f i c u l t  to  lo c a te , e sp e c ia l ly  i f  th e re  was much subcutaneous f a t  p re se n t, 
à  ty p ic a l  node In  these  anim als lay  in  a  bed o f loose connective o r adipose 
t is s u e  and was bean shaped o r roughly  e p h e ric a i w ith  a s l ig h t  h i l a r  in d en ta tio n . 
Such nodes could be cu t open w ithout d i f f i c u l ty  and the p a le  straw  coloured 
co rtex  could be c le a r ’ly  d is tin g u ish e d  from th e  much darker c e n tra l  m edulla.
The m a jo rity  o f these  nodes p resen ted  a  h is to lo g ic a l  p a tte rn  s im ila r  to  
the  d e sc r ip tio n  o f human lymph nodes given by Ham (1961). Some nodes, however, 
p a r t ic u la r ly  the  p reacapu lars  and p o p l i te a ls ,  were much firm er than the  o th e rs  
and were more d i f f i c u l t  to  se c tio n  due to  c e n tra l  f ib r o s i s ,  which, m icro­
sc o p ic a lly , was the  scarred  sequel o f e a r l i e r  Inflammatory responses.
Lymph nodes in  the, tumour s e r i e s . D is tr ib u tio n  o f a ffe c te d  lymph nodes 
in  the  s e r ie s  i s  given in  Table 1. In  the  m u lt ic e n tr ic  ty p e , v i r tu a l ly  every 
s u p e r f ic ia l  lymph node was a f fe c te d , a lthough  not a l l  were markedly increased  
in  s ia e . For example, the  nodes o f the  head and the  p roscapu lars were o fte n  
enormously/
Oenormously enlarged  w h ils t the  p o p l i te a ls  and s u p e r f ic ia l  ingu ina le  in  the  
same carcase  were only m oderately so* In  c e r ta in  c a se s , le s s  than 10%, 
only moderate enlargem ent o f a l l  the  s u p e r f ic ia l  nodes xms observed and each 
one was found to  be I n f i l t r a t e d  on section*  à  re c u rr in g  fe a tu re  o f th is  
lafite? p a t te rn  was palpab le  enlargem ent o f  the  .^ax illa ry  lymph nodes* A 
constan t f in d in g  was b i l a t e r a l  symmetry o f the  s u p e r f ic ia l  nodes.
In  the  a lim en tary  ty p e , the lymph node most freq u e n tly  a ffe c te d  was 
the  m esen teric  node and o th e r abdominal nodes were Involved to  a much le s s e r  
e x te n t, A noteworthy fe a tu re  o f th i s  group was i n f i l t r a t i o n  o f the  a n te r io r  
s te r n a l  nodes in  a sm all number o f the cases.
I n f i l t r a t i o n  o f lynpph nodes x^as uncommon in  the A berrant form o f the 
d ise a se ,
% rb id  ann tqmy. A ffected  nodes were en larged  from Z up to  10 tim es 
th e i r  modal s is e s .  They were easy to  id e n tify  on the carcase  and were 
d is c r e te ,  mobile and appeared to  be encapsu la ted . In  only ra re  In stances 
had groups o f nodes become co n flu en t,
'Bo d i s t in c t io n  could be made between a ffe c te d  lymph nodes from alim en tary  
types and those from the  m uX ticentrlc  group.
The su rfaces  of fcumified nodes were u su a lly  dark straw  co loured , bu t 
a few were congested. On se c tio n  most had lo o t a l l  evidence o f corfcieo^ 
m edullary d i f f e r e n t ia t io n  and p resen ted  a uniform  greyish^yellow , h ig h ly  
c e l lu l a r ,  s o f t  t is s u e  which bulged from the cu t su rfa ce . Immediately a f te r  
d e a th ,/
a V
d ea th , cloudy lymph could be f re e ly  depressed from th is  su rfa c e . Fine 
haemorrhagic p o in ts  and e tch ings were o fte n  v is ib le  on th is  t i s s u e ,  esw 
pcciaX ly over I t s  c e n tra l  a sp e c t. F requen tly , these  had become exaggerated 
in to  lll<«defined congested areas* Ih n o e rta in  nodes, th e re  was in ten se  con** 
g estio n  throughout and, in  th e s e , round yellow  fo c i or s tra n d s  of n e c ro tic  
t is s u e  could be observed# In  o th e rs , the tumour t is s u e  was arranged as 
tig M y  packed cream coloured fo c i  no t q u ite  o b l i te r a t in g  the  former gross 
nodal s t r u c tu r e ,  bu t s tand ing  ou t c le a r ly  on section# In  a m ino rity  of 
cases the  e n t i r e  node was d istended  xjith greyish-^pink t is s u e  x#ioh x^as so 
s o f t  and c e l lu la r  as to  be alm ost f lu id  in  c h a ra c te r . Such nodes tended 
to  c o llap se  com pletely on section#
Although most o f the  lymph nodes a ffe c te d  on a given canine carcase  
p resen ted  a r a th e r  s im ila r  m acroscopical appearance, i t  was p o ss ib le  to  
f in d  considerab le  v a r ia t io n  from node to  node in  some cases# F igure 1.
& d e ta ile d  atudy of. th s  h ia to lo g io a l  fea tu roo
o f 163 se c tio n s  from 109 cases o f th e  d ise a se  in  the dog xms done w ith  
experim ental d iag n o s tic  m arkers in  view# The r e s u l t s  o f the  survey a re  
given in  Table 3 and Table 4.
The re c u rr in g  le s io n  in  a ffe c te d  lymph nodes x^as lo ss  o f the  u su a l 
f o l l i c u l a r  arrangem ent In  the  c o rte x  and the  form ation o f r e l a t iv e ly  uniform 
sh ee ts  o f lymphoid c e l l s  on a background o f f in e  re ticu lum  f ib re s  and a 
f in e  v a scu la r neWork# These sh ee ts  o f tumour c e l l s  were lo c a lly  invasive  
and ledfJ to  d is ru p tio n  and d e s tru c tio n  o f the  dense connective t is s u e  frame«» 
xfork o f the  node w ith  o b l i t e r a t io n  o f cortlco«*medullary d i f f e r e n t ia t io n .
T A B m  3
à  o f the  Ifeiin H istoX ogical Featu res o f
liVTtiph Modes A ffected  w ith XiWiphosarcoraa in. the  Dog#
Hûmber ^ o f sections^ ' oxam^ied 
Oeneral a rc h ite c tu re ,
p reserved  12
%088 o f 151
Oor t iCQ^îtiedu 1 la rv  déf  farenfcla tIon
163
163
V isib le
l#OBt
^tedulla absent
Perinode a rea  
Negative
B ligh t i n f i l t r a t i o n  
Moderate i n f i l t r a t i o n  
Marked i n f i l t r a t i o n
Capsule
In ta c t
Laminated
Fragmented
O b lite ra te d
18
142
3
163
16
27
37
63
163
33
76
22
32
163
Subc^msular sinus..
P a te n t, in  p a r ts  12
Flooded, v i s ib le  84
O b lite ra te d  67
C o rtic a l trab ecu lae
In ta c t  16
Laminated 46
Fragmented 12
O b lite ra te d  89
F o l l ic le s
Germinal cen tre s  
V e s tig ia l  f o l l i c l e s  
C e ll sh ee ts  
Tuiaour f o l l i c l e s
C o r tic a l  sinus
P a te n t, in  p a r ts  3
Flooded, v i s ib le  63
O b lite ra te d  93
4
20
132
7
163
163
163
1 6 3
41 A
M edullary trab e cu lae
In ta c t  14
Laminated 37
Fragmented 8
O b lite ra te d  101
Medulla absen t 3
M edullary pegs
Ttimifled, v is ib le  28
C e ll sh ee ts  132
Medulla absen t 3
M edullary sinus
P a ten t 11
Flooded, v i s ib le  37
O b lite ra te d  112
Medulla absen t 3
163
163
1 6 3
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TABIÆ  4
A dditiona l F eatu res o f Lymph Nodes 
A ffected  tiflfch Lyaiphosarcoma in  the Dog.
Number o f se c tio n s  examined 163
Marked v a scu la r congestion  9
Haemorrhages 12
N ecrosis
D iffuse  19
Focal 13
Focal and d if fu se  4
E e tic u lo * en d o th e lia l 
h y p erp la sia  6
Foci o f n e u tro p h ils  4
Foci o f eo sin o p h ils  0
M ultinucleated  c e l l s  0
PhagGcytosed carbon 2
Blood v e sse ls  packed w ith  
leucocytes 6
Frythrophagocytoe is  2
Haemoslderin X
D iffuse f ib r o s is  6
Marked f ib r o s is  1
Invasion  o f the  loose connective t is s u e  around the  lymph node, t he p e r i** 
nodal area, was observed in  the  g rea t m a jo rity  o f s e c tio n s , and in  only 16 
of the 163 se c tio n s  xms th i s  a re a  coavpletely free  frpm tumour c a lls*  tti 
some e a se s , only a narrow rîai o f r e l a t iv e ly  non^cactlve lyinphold c e l l s  was 
found imm ediately o u ts id e  the cap su le . F igure  2, This xms o f te n  a sso c ia te d  
w ith  heavy lymphocyte packing o f  the  a f fe re n t  Xytaph vessels#  Boxmver, in  
most c a se s , the invasion  was on a moderate to  m assive sc a le . O ften in  these  
s e c tio n s , the  main, evidence th a t  the  tumour c e l l  sh ee t x^as o u W ith  the  o r ig in a l  
capsule xms the  presence o f groups o f f a t  c e l l s  xAich were on ly  r a r e ly  ob­
served x-yithill the  node i t s e l f ,  F igu res 3 , 4 and 5, E ncapsu lation  o f the 
e x tra -c a p su la r  i n f i l t r a t i o n  was never p a r t ic u la r ly  marked, but condensation 
o f the  im m ediately ad jacen t loose connective  t is s u e  x-jas observed and th is  
appeared to  form a r a th e r  loose secondary capsu le  around many nodes^ F igure 3.
The capsu le  was u su a lly  involved in  the  p rocess and th re e  s ta g es  of 
cap su la r i n f i l t r a t i o n  could be determ ined, 1) lam ination , 2) fragm entation  
and 3) o b l i te r a t io n .
Small stream s o f tm o u r c e l l s  in  s in g le  f i l e  moving between the  co llagen  
bundles o f an o therw ise  compact capsu le  was the  e a r l i e s t  phase seen, This 
was follow ed by an in c rease  in  th e  nmaber and w idth o f these  stream s w ith  
a r e s u l t in g  d is ru p tio n  and aiarked se p a ra tio n  o f the  p a r a l le l  co llag en  s tra n d s  
o f the  o r ig in a l  cap su le . F igure  5 . T h e re a f te r , the  lam inated capsu le  became 
fstayed and to rn  as to r r e n ts  o f tumour c a l l s  sx^armed in to  the  nearby p e r i -  
nodal a re a s , à  com bination o f lam ination  and fragm entation  appeared to  lead 
to /
4±
to  v i r tu a l  e lim in a tio n  o f the  o r ig in a l  t i s s u e ,  However, iti 20% o f the 
se c tio n s  à i n f i l t r a t i o n  had -not taken p lace  axul the  capsule was w ell pre«* 
served d e sp ite  invasion  o f the  perinode. In  o th er s e c tio n s , the  capsu le  
had become markedly s tre tc h e d  w h ils t  the  node xms en la rg in g  and th is  had 
re s u l te d  in  th e  fo m a tlo n  o f a f in e  undu la ting  v e s tig e  o f former capsule 
which was c le a r ly  o u tlin e d  deep x\flthin the new tumour t is s u e .
At post-mortem exam ination, a ffe c te d  nodes were contained x^ithin a 
capsu le  and) from h is to lo g ic a l  o b se rv a tio n s , i t  appeared th a t  the  o r ig in a l  
s tre tc h e d  and p a r t i a l l y  sh a tte re d  capsule x</aB supported by condensed loose 
connective t i s s u e , which had formed a secondary capsule fo r the  tumour 
mass around the o r ig in a l  node,
à  s im ila r  sequence o f lam ination , fragm entât ion  and o b l i te r a t io n  X7as 
noted in  the  trab ecu lae  of the  c o rte x  and medulla* Figure 6* In  2 in s ta n c e s #>'Wi» i iitÉinw,im«ii*w iiiiyiiiiifiWF "
d i s t in c t  h y p e rp la s ia  o f the trab e cu lae  had taken p la c e , but e a r ly  lam ination  
was in  progr’ess* In  more than h a lf  o f the  se c tio n s  In the s e r ie s  th e re  was 
very  l i t t l e  s ig n  a t  a l l  o f  the  former tra b e c u la e .
In  many se c tio n s , the subcapsu lar, c o r t i c a l  and m edullary s in u ses had 
become com pletely flooded xfith tumour c e l l s  so th a t  the  former s in u ses  could 
no loîiger be id e n t i f ie d .  In  o th e rs , the  re t ic u lo -e n d o th e I ia 1 boundaries 
o f the  s in u ses were s t i l l  v i s ib le ,  F igures 8 and 10, and sometimes the  sinuses 
con tained  a c e l l  type r a th e r  more m ature than those o f W arby tumour c e l l  
sh e e ts , F igure 6, In  one or two se c tio n s , s in u ses were d istended  w ith  pus 
o r macrophages a e sp e c ia lly  those which were c lo se  to  n e c ro tic  p a tch es . 
Completely p a te n t sinuses were observed very  o ccasio n a lly ,
l a  every au c tio n  xfhieh proved to  be a ffe c te d  w ith  3.ympho a a r  coma. lea Iona 
ill the  cortesl x-^ ere no ted . Tiiexe were t o t a l  lo ss  o f f o l l i c l e  p a tte rn s  and the  
form ation o f o n ifo m  sh ee ts  o f tumour c e l l s  in  152 out o f the  163 sections*
In 20 o f these  se c tio n s , compact groups of lyiaphocytea were observed w ith in  
the tiunout c e l l  shou ts. These were o f te n  ’knarginated” towards the  former 
capsu la  and were be lieved  to  re p re se n t v e s t ig i a l  f o l l ic le s ^  F igure  9. In  
only  4 se c tio n s  was th e re  evidence o f secondary c e n tre s  and, in  these  s e c tio n s , 
th e re  were s u f f ic ie n t  a d d it io n a l  s igns to  j u s t i f y  a diagnosis* In  1 s e c tio n s , 
the c o rte x  and m edulla were rep laced  by la rg e  round fo c i o f immature o r stem 
c e l l s  which X'jcre termed tumour f o l l i c l e s .  F igures 6 and 7, In  some areas^ 
these  had almiost formed c e l l  sh e e ts , bu t elsew here they x^ere expanding and 
compressing ad jacen t s in u ses  which contained  somexAat more m ature c e l l s  than  
those in  the  f o l l i c l e s ,  F igure  6. Small lymphocytes xxrere found in  the  c en tre  
o f some o f these  tumour f o l l i c l e s .
In  132 se c tio n s  a the  medu l la  could no t be c le a r ly  d is tin g u ish e d  from the 
c o rte x , bu t in  28 se c tio n s  th is  was possib le*  In  the cen tre  o f some nodes, 
th e re  were la rge  round fo c i  co n ta in in g  tumour c e l l s  and these  vrere thought 
to  re p re se n t turn!fled pegs o r tumour f o l l i c l e s .  In  o th e r s e c t io n s ,  the 
m edulla d id  n o t, a t  f i r s t  in sp e c tio n , appear to  be involved in  the  tumour 
p ro cess , There were good cortico^-m adullary d i f f e r e n t ia t io n ,  d e lic a te  pegs, 
w ell formed trab ecu lae  and only s l ig h t  flood ing  o f the s in u se s . Such pegs, 
however, x^are found to  c o n ta in  a c e l l  p o p u la tio n  which was Id e n tic a l  to  th a t  
o f the  c o r t i c a l  sh ee ts  which x^ere stream ing  towards the  pegs, F igure  11, 
Lymphoid c e l l s  in  the  ad jacen t s in u ses  were a lso  id e n tic a l  to  the  tumour c e l l s  
of the  co fte x .
The tumour c e l l  sh e e ts  xfore e i th e r  compact or d if fu s e . Compact sh ee ts  
were composed o f lyraphold c e l l s ,  each In  c o n ta c t x^ith I t s  neighbours. In  
moot o f these, sh e e ts , c e l l s  such as ro tlc u lo e n c lo th e lla l c e l l s  and macrophages 
were d i f f i c u l t  to  id e n t i fy  a lthough , in  some a ffe c te d  b ro n ch ia l Xyinph nodes, 
th e re  were la rg e  amounts o f  carbon p a r t i c le s  which po in ted  to  a background 
po p u la tio n  o f macrophages no t apparen t in  the timiour c e l l  sh e e t. Those 
coïïtpact sh e e ts  tended to  be composed o f the  more immature c e l l  types such 
as b la s t  c e l l s  and la rg e  lyn^phocyt e s . Stem c e i l s ,  w ith  abundant cytoplasm , w ere 
observed s in g ly  in  the  c e l l  sh e e ts  in  some sections#
Borne o f the  d if fu s e  c e l l  sh e e ts  x^ere so lo o se ly  arranged th a t  c e l l s  
were c le a r ly  separa ted  from th e i r  neighbours* W ithin such sh e e ts , th e re  
xms a much g re a te r  v a r ia t io n  in  c e l l  ty p es , R e la tiv e ly  more r e t i c u lo ­
e n d o th e lia l  c e l l s ,  a c tiv e  m acrophages, stem c e l l s ,  n e u tro p h ils  and plasma 
c e l lo  could be recognised  compared to  the  compact type# This type o f  c e l l  
sh ee t was more o f te n  a sso c ia te d  xfith mixed or m ature lymphoid tumour c e l l s .
The H is to lo g ic a l PiagnosiG o f
Nodes# D iagnosis o f the  d isease  was com paratively  sim ple xvhen le s io n s  xjere 
composed o f immature lymphoid c e l l s  fo r  th e re  was no o th e r lesioni?! Imoxm to  
sirau la te  t h i s .  A problem arose  inhere the  o r ig in a l  p a t te rn  o f the  node p e r­
s i s te d  to  some e ic ten t, and where the  tumour c e l l  type “was mixed o r m ature.
Three groupa o f c h a r a c te r i s t ic s  were b e lieved  to  be o f Im portance in  
d iag n o sis  and these  were termed prim ary , secondary and t e r t i a r y  c h a r a c te r i s t i c s ,
% o c e l lu la r  p a tte rn s  xmre observed as prim ary c h a r a c te r i s t i c s ,  an 
a f o l l ic u la r  and a  f o l l i c u la r  form;»*
1) An a f é 'l l ic ü îa r  form which in c lu d ed ,
a) sh e e ts  o f lim iature lymphoid c e l l s  which were 
u su a lly  compact#
h) sh e e ts  o f îwixed o r mature lymphoid c e l l s ,  
o f te n  d if fu s e ,
2) A f o l l i c u l a r  fprm which inc luded ,
a ) v e s t ig i a l  f o l l i c l e s ,  o ften  m arglim ted,
b) germ inal f o l l i c l e s ,
c ) tm m ur f o l l i c l e s ,
lühere v e s t ig i a l  f o l l i c l e s  xmre a sso c ia te d  w ith  an immature tumour c e l l  
s h e e t, the  d iagnosis  was uncom plicated, but secondary d iag n o s tic  c r i te r ia ,  
had to  be considered  where the  c e l l  sh ee t was composed o f mixed or mature 
tumour c e l l s ,  Xihen germ inal c e n tre s  p e rs is te d  in  a node, lymphosarcoma was 
in d ic a te d  by the  development o f stream s and sh e e ts  o f tumour c e l l s  elsew here
in  the  node a.iid the  p resence o f most o f the  secondary c h a r a c te r i s t ic s .
S ix  secondary c h a r a c te r i s t ic s  were found to  be of importance* None of 
them, a t  f i r s t  in sp e c tio n , m ight appear to  be p a r t ic u la r ly  s ig n i f ic a n t ,  but 
tm  o r more 'were noted in  the  g rea t m a jo rity  o f a ffe c te d  lymph nodes. These were
1) F erinodal i n f i l t r a t i o n  o r in v as io n  in  90% of the  s e c t io n s *
2) Flooding o r e lim in a tio n  o f s in u ses  In  97% of the  se c tio n s .
3) C apsular i n f i l t r a t i o n  o r e lim in a tio n  in  79% o f the  se c tio n s ,
4 ) /
4) T rabecu lar I n f i l t r a t i o n  or e lim in a tio n  in  90% of the s e c t io n s #
5) Loss o f co r'tico-m edullary  d i f f e r e n t ia t io n  in  87% o f the  se c tio n s .
6 ) D iffuse or fo ca l n e c ro s is  in  22% o f the  se c tio n s .
The t e r t i a r y  c h a rac te r i s t i e s  included the  im portant negative  fin d in g s .
In  none o f the  se c tio n s  was th e re  evidence o f the  widespread and marked flb*^ 
r o s is  observed in  Hodgkin’s d isease  in  man, nor were m ultinucXeated c e l ls  
resem bling Dorothy E eed-Sternberg c e l l s  o r even eo sin o p h ils  encountered, 
except very  r a r e ly .  Ho abscess fomnation was no ted , o th e r than  secondary 
to  n e c ro s is  in  the  nodes and fo c i o f n e u tro p h ils  were found in  a few in stan ces  
only .
Æ E Æ iM i-
H ine ty -fiva  dogs showed le s io n s  o f lymphosarcoma in  the l iv e r  and h i s to ­
lo g ic a l se c tio n s  from 89 o f them were a v a ila b le  fo r  study. Table 1 gives 
the  numbers o f a ffe c te d  l iv e r s  In each o f the  forms o f the  d ise a se .
Morbid anatoiw . I n f i l t r a t i o n  of a l iv e r  x^ith tumour c e l l s  was» in  most 
eases a accompanied by an in c rease  in  slgj© o f the  organ and a change in  i t s  
m acroscopical appearance* I t s  edges became rounded, i t  th ickened a n te ro ­
p o s te r io r  ly  and extended behind the  c o s ta l  a rch  fo r a v a r ia b le  d is tan c e  
depending on the  degree o f hepatomegaly, L ivers v a ried  in  colour from the 
n om al red-broxvn to  a m ilk choco late  o r even a p u tty  co lo u r. O ccasionally , 
the  organ was d i s t in c t ly  bronse and a m ino rity  was congested, Capsules of 
a ffe c te d  l iv e r s  o ften  p resen ted  a g rey ish  M ottled e f f e c t  and on s e c tio n , 
th e re /
«J u
th e re  was a w e ll d e fined , d e l ic a te ,  g rey ish  coloured exaggera tion  o f the 
p o r ta l  t r ia d s  throughout the. parenchyma. Leas commonly, d i s t in c t  and only 
ra re ly  r a is e d ,  round grey o r p a le  yelloxif fo c i  o f tumour i n f i l t r a t i o n  up to
1.0 to  1*5 cm* in  d iam eter, ware found s c a tte re d  over the l iv e r  su r fa c e .
On s e c t io n s 3 these  a reas were seen to  be d is c r e te ,  non-encapsu lated , round 
le s io n s  s c a tte re d  in  the  l iv e r  parenchyma, F igure 12*
H is to lo g ic a l f in d in g s . A summary o f  the  main le s io n s  i s  given in  
Table 5*
In  most o f the  s e c t io n s , the ty p ic a l  m icroscop ical lo b u la tio n  o f canine 
l iv e r  t is s u e  was w all preserved* The main cause o f absence o f l iv e r  lob ­
u la t io n  was the w idespread o r d if fu se  n a tu re  of some o f the lyraphoaarcoma 
lesions*
The most common s i t e  o f i n f i l t r a t i o n  was the  p o r ta l  t r i a d ,  f ig u re  13» 
This reg io n  was a ffe c te d  in  96% o f  th e  s e c tio n s . I n f i l t r a t e d  t r ia d s  tended 
to  be r a th e r  uniform  in  s is e  and p r o f i le  throughout a given section* This 
un ifo rm ity  x>7as not a constan t fe a tu re  and th e re  were a few se c tio n s  where 
both a ffe c te d  and u n affec ted  t r ia d s  were p re se n t side  by s id e . In  only  B 
se c tio n s  was evidence found o f le s io n s  o f lyinphosarcoma w ithout any apparent 
t r ia d  involvement* T riad  p r o f i le  v a rie d  and, in  the  h e a v ie s t i n f i l t r a t i o n s ,  
assumed a roughly c ir c u la r  o u tlin e  xdiich xms o f te n  q u ite  w e ll defined  except, 
xdiere I n f i l t r a t i o n  in to  ad jacen t s in u so id s had taken place*
A ll bu t 10 se c tio n s  p resen ted  some evidence o f i n f i l t r a t i o n  in to  the 
s in u so id s . In  the  m ain, th i s  comprised sm all fo c i  o f lymphoid c e l l s  ly in g  
s c a t te re d /
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B cattered  throughout the lo b u le s . F igure  3.4. In  only 10% o f the se c tio n s  
waîre fo c i la rg e  enough to  d isp la c e  or re p la c e  ad jacen t cord c e l l s .  Rox=ïs 
o f timour c e l l s  stream ing from the  t r ia d s  towards the c e n tra l  ve ins were 
f a i r l y  common#
Another re c u rr in g  le s io n  xms a c o lle c t io n  o f tumour c e l l s  w ith in  the  
einuBoids Imxiediately round the c e n tr a l  v e in s . These cen tra l, venous " c u ffs” 
were u su a lly  r a th e r  narrow , h u t in  29 se c tio n s  these  a reas o f tumour c e l l s  
xmre comparAble In  Btze  and shape to  the  le s io n s  w ith in  t r ia d s .  In  many 
cases i t  was d i f f i c u l t  to  d is t in g u is h  one from the o th e r , p a r t ic u la r ly  x>/here 
compression o f the  b i le  ducts In  th e  t r ia d s  had taken p la c e , and a ls o  where 
degenera tive  changes in  cord c e l l s  were obscuring  the  r a d ia l  e f f e c t  o f the 
h e p a tic  cords away from the c e n tr a l  veins*
Borne degree o f subcapoular i n f i l t r a t i o n  xms observed in  many s e c tio n , 
but th i s  was only severe  in  a  very  sm all number •'
D egenerative changes in  the  h e p a tic  cord c e l l s  were observed in  more 
than  1/3 o f th e  sections#  T his was principally a c e n tra l  o r a  c e n tra l  and 
m ldsonal le s io n . However, a l l  the  ;sones w ere in v o lv ed  In  6 s e c tio n s .
C en tra l n e c ro s is  was seen in  one se c tio n s  and degenera tive  changes,which 
were confined to  the  p e r ip h e ra l  sones a lo n e , X'Jero noted in  one o th e r case ,
Less common fe a tu re s  included  haeraoslderosiSs xvhlch was observed in  7 
se c tio n s  and high  numbers o f n e u tro p h ils  in  the  t r ia d s .  This n e u tro p h il 
con ten t xms observed in  8 cases and was s u f f ic ie n t ly  h igh in  some a reas  to  
c a l l /
c a l l  In to  question  the  d iagnosis  o f 3,ym.phosarcoBia# However, in  each o f 
these  c a se s , th e re  was ample evidence o f the  lymphoid c h a ra c te r  o f th e  
tumour eXsexdiere in  the  body.
hm isual le s io n s  xmre p re se n t in  the  l iv e r s  o f 2 cases o f the  a b e rran t 
ty p e . Case no. 10513 and Casa no* 19424. The le s io n s  in  these  oases con­
s is te d  o f m assive fo c i o f lymphoid c a l l s  which were non-ancapsu lated , ex-- 
panding, but n o n -in v as iv e , and which were s t r e tc h in g  and d i s to r t in g  the 
h ep a tic  cords p e rip h e ra lly #  Soma o f these  fo c i were ra is e d  and ttm bilicated . 
Case no. 19424 was a sso c ia te d  w ith  s im ila r  le s io n s  ih  both k idneys.
THE SPLEEN.
Of the 60 cases in  xAloh the sp leen  x^ 'as rep o rted  as a ffe c te d  a t  the 
post-m ortem  ex am in a tio n ,sec tio n s were a v a ila b le  from 50 o f them fo r  d e ta ile d  
h is to lo g ic a l  study . The group d i s t r ib u t io n  o f a ffe c te d  sp leens Is  shoxni in  
Table 1.
Mor b i d anatpafty. Spleens which were a ffe c te d  xfith lyrap ho sarcoma hrd 
d is tin g u is h in g  fe a tu re s  xAich may be considered  under the  fo llow ing hearhUiga, 
1) the  s is e  and shape o f the  organ , 2) i t s  co lo u r, 3) s t r u c tu r a l  changes 
and 4 ) i t s  environm ent.
1) Most a ffe c te d  sp leens were m oderately  to  g ro ss ly  en la rged . This 
in c rease  in  s is e  was in  a l l  d iife c tio n s , so th a t  the  e n t i r e  organ was involved; 
i t s  edges xmre d i s t in c t ly  rounded, but i t s  p r o f i le  was p re se rv e d , F igure  15, 
The sp leen  was re a d i ly  p a lp ab le  In  l i f e  and was u su a lly  found ly in g  a n te ro ­
p o s te r io r  ly /
D a
an te ro -posterio rX y  toxmrds or along the  lox^or aspect; of the abdomen on the  
l e f t  aide# In  cases o f extreme splenom egaly, the  organ extended as f a r  
back as the  en trance  to  the pe3.vlc c a v ity . Few signs o f su rface  ero sions 
o r u lc e r a t io n s , xAich eonId be a t t r ib u te d  to  the  d isease  p ro cess , were found.
In  one in s ta n c e , ru p tu re  of the  sp leen  had preceded death  and x-7as due 
ap p aren tly  to  overenfehusiastio  palpation*  A noteworthy d iffe re n c e  e x is te d  
between a ty p ic a l ly  a ffe c te d  sp leen  from th e  m u lt lc e u tr ic  and ab e rran t 
groups and those few which were found in  the  a lim en tary  type. In  th is  
l a t t e r  fo m , ou t o f the  3 a f fe c te d  o rgans, only one xms increased  In  si%e 
enough to  m e rit the  terra splenomegaly.
2) Immediately a f t e r  d ea th , most sp leens were purp le  o r plum co loured , 
bu t many o f  these  became p a le  b lu ish  p ink  a f t e r  r e f r ig e r a t io n  fo r  24 hours*
Other sp leens shm-ieâ s traw -co lou red  s t r ip e s  xïith occasiona l sm all in f a r c ts  
on th e i r  su rfa c e s , F igure 16#
3) On s e c tio n , i n f i l t r a t e d  sp leens were found to  have w e ll-d e fin ed  
capsu les xmich xfe):e o f te n  th in  and te n s e , but th e re  was 3.oss o f the c h a ra c te r -  
i s t i c a l  in te r n a l  s t ru c tu re  w ith  the  d isappearance o f the  ty p ic a l  tra b e c u la r  
networks* In  most cases th e re  xms complete replacem ent o f the  red  and w hite 
pul%) by a f a i r l y  uniform , s o f t  and h ig h ly  c e l lu l a r ,  red d ish  pu rp le  t is s u e .
In  some c a se s , however, the  sp leen  showed marked h y p e rp la s ia  o f the H alp ighian  
bodies which appeared as la rg e  numbers o f s p h e r ic a l ,b u lg in g ,w hite and g lis te n in g  
fo c i .
In f a r c ts  and fo c i o f n e c ro s is  which were v is ib le  en the  su rface  a lso  
involved the  deeper a re a s . Areas o f  gross haemorrhage, w ith  is la n d s  of 
tumour t i s s u e ,  were o cca s io n a lly  found.
o o
4) Apart from the  very la rg e s t  sp le a n s , most were r e la t iv e ly  mobile 
w ith in  th e  abdominal c av ity  and no t a ttach ed  by In flarm ato ry  or n e o p la s tic  
adhesions to  ad jacen t s tru c tu re s  or to the  omentum. There were never gross 
ex tensions o f the  timiour p rocess from the sp leen  in to  i t s  v is c e r a l  m esentery.'
H is to lo g ic a l f in d in g s . Most o f the  cases in  xAich the sp leen  was 
involved x^ere'of the  r tu l t ic e n tr ic  form, 52 o f the 60 cases# Although th e re  
were, morbid anatom ical d if fe re n c e s  between a ffe c te d  sp leens o f th e  a lla ie n tary 
group and those o f the  o th e r two, they\-:were found to  he in d is tin g u ish a b le  
h is to lo g ic a l ly  and were considered ' as a s in g le  s e r i e s .
Table 6 g ives a summry o f  the  h isto3 .og icaI findings# O b li te ra t io n  o f 
the in te r n a l  tra b e c u la r  framework, due to  s t r e tc h in g  o r i n f i l t r a t i o n ,  was 
observed in  00% o f the se c tio n s . Most o f the  o th e r eee ti# n s  p resen ted  an 
e a r l i e r  phase of sp le n ic  involvem ent which included marked h y p e rp la s ia  o f 
the  M alpighian corpuaclc'ïs t^ lth  p e r ip h e ra l i n f i l t r a t i o n  in to  the  ad jacen t red  
pulp.* Well d e fin ed , d is c r e te ,  r a is e d  tumours xi/ere found in  a s in g le  case . 
This X'las à m ulfcicentrlc e a se , which showed an unusual pleomorphic lymphoid 
stem cell, in  the lesions*
Five se c tio n s  in  the 'lymphosaTcoma s e r ie s  showed evidence o f tumour 
i n f i l t r a t i o n  o f the cap su le , bu t only 10 s e c tio n s  f a i le d  to  show a. s im ila r  
o r a more in te n s iv e  invasion  o f the  tra b e c u la e .
It), a sm all number of s e c t io n s , th e re  xm& invasion  o f the sub-in tim a  o f 
the  tra b e c u la r  blood v e sse ls  and aggregates o f  t ig h t ly  packed lymphocytes lay  
w ith in  the  v e s s e ls . ïfegakaryocyfces were observed in  50% o f the  s e c tio n s ; 
they /
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Bmimary  o f the  illBltoXos:lcal Featu res 
o£ Bnleens Affecfcect w ith  Lymphoaarcoma*
T o ta l number o f  s e c t io n s * 50
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1
44
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9
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2
Both
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3
50
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D iffuse  w h ite /red  i n f i l t r a t i o n  39
l^îalpighlan h y p e rp la s ia  w ith  invasion  9
Malï>ishian h y p erp las ia  w ith  moderate invasion  1 
W ell-defined  m étastasas 1
N egative on se c tio n s  23
-h sm all numbers 25
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50
50
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they were observed as is o la te d  c e l l s  and some contained  phagooyfcoseel leuco­
c y te s , High immbers were only  noted in  one case . O ccasionally , e ry th ro -  
myeloid a c t iv i t y  xms a lso  seen .
THE ALXMENTARY SYSTEM,
With the  excep tion  o f the  to n s i ls  which be considered  under a 
se p a ra te  head ing , a l l  tumours o f  lymphosarcoma in  the a lim en tary  system 
were found in  the  stomach o r in te s t in e s .
D is tr ib u tio n  o f the  ..le s io n s . Table 7 shOx\?s the  d is t r ib u t io n  o f lympho­
sarcoma o f the  a lim en tary  system amongst th e  th re e  groupings. I . e .  m u lti-  
c e n t r ic ,  a lim en tary  and a b e rra n t forms. I t  w i l l  be noted th a t  th e re  i s  a 
d is p a r i ty  between th e ' numbers o f cases where tumours were diagpiosed a t  
autopsy and those which xære l a t e r  confirm ed h is to lo g ic a l ly ,  Tîiere are  
two reasons fo r  th is ,  F i r s t l y ,  some t is s u e  blocks were taken from reg ions 
itffiaedlately ad jacen t to  the  tumour maas and were found to  be neg a tiv e  
m ic ro sco p ica lly . Secondly, where the  tumours were n e c ro tic , t is s u e  blocks 
were se le c te d  from the  g ro ss ly  a f fe c te d  m esen teric  nodes which o ffe re d  
b e t te r  d ia g n o s tic  m a te r ia l .
The 47 cases o f the a lim en tary  type in  Table 7 belong to  a la rg e r  
group o f dogs w ith  le s io n s  o f the  a lim en tary -m esen teric -lym phatic  complex, 
A lto g e th e r, 61 cases w ith  the  m ajor le s io n s  in  th is  a rea  were found, These 
a re  shoxm in  Table 8 , From th i s  ta b le  I t  w i l l  be noted th a t ,  In  53 cases 
(87%), m esen teric  lymph node involvem ent a feature, o f  the  tumour process, 
However, in  8 o f  the  anim als (I3%)s the  m esen teric  node xms no t a f fe c te d .
In  Table 9 th e re  i s  a breakdown o f the  le s io n s  in  those 8 dogs. In  only  3 
o f them were c irc im scrib ed  tumours found pn the  a lim en tary  t r a c t  xfithout 
any/
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any m lcro scop ica l ex tension  eXaewliere, T here fo re , only 5% o f th e  dogs in  
the  e n t i r e  a lim en tary  group eould be regarded  as cases xAlch were s u i ta b le  
fo r  sttrgicaX in te rv en tio n s  in  the  rem aining 95%, the lé s io n  complex in ­
cluded enlargem ent and i n f i l t r a t i o n  o f  the  m esen teric  lymph node or le s io n s  
in  o th e r organs#
Morbid anatomy* Esqsanding mural tumours, e i th e r  s in g le  o r  m u ltip le  g 
were the  p r in c ip a l  le s io n s  found on post-m ortem  exaraination o f  the a lim en tary  
system . Examples were found in  stomach, duodenum, jejunum , ileum , colon and 
rectum . A ty p ic a l  tumour mass x^as sp h e r ic a l  o r e lo nga ted , o f te n  w ith  a smooth, 
g rey ish -yellox7 su rface  bearin g  a s t ip p le d  o r f in e  v ascu la r p a tte rn *  In  i t s  
c e n tra , the  tumour was f re q u e n tly  n e c ro tic  and, on o ccasio n s, th i s  had led ’ 
to  p e r fo ra tio n , e sp e c ia l ly  along the  para ixesen teric  bo rders, Such le s io n s  
were sometimes a sso c ia ted  w ith  the  p resence o f haem orrhaglc o r p u ru len t f lu id  
in  th e  abdomen; more o ften , th e re  were inflam m atory and n e o p la s tic  adhesions 
to  o th e r  p a r t s  o f  the  t r a c t  o r to  th e  omentum* On se c tio n , tumour masses 
o f te n  p a r t ly  o r wholly occluded th e  lumen, e s p e c ia l ly  in  th e  sm all in te s t in e ;  
here  the  mucous membrane was o f te n  u lc e ra te d . Many mural tumours had r e ­
mained ap p aren tly  w e ll defined  and im aed ia te ly  ad jacen t p a r ts  o f the  t r a c t  
ware m acroscopically  n o m a l. In  a m in o rity  o f c a se s , thére was d if fu s e  lympho- 
sarcom atous i n f i l t r a t i o n  along leng th s o f  hhe can a l; thd.se appeared to  
extend from Foyer * s Patches in  the  sm all in te s t in e .  The x^all was cream 
co lou red , th ickened and on s e c tio n , showed an apparen t in c rease  in  w idth o f 
a l l  layers* In  one or two in s ta n c e s , i n f i l t r a t i o n  on to  the  t r a c t  from an 
a ffe c te d  m esen teric  lymph node x^as observed, F igure  17.
Hla to  lo g ic a l  f  * In  66 clogs, le s io n s  o f lymphosarcoma wafa
found along the  g a s tro -itite s fc in a l tra c t#  S ec tions were a v a ila b le  from 48 
anim als fo r  study  and th e re  were 4 se c tio n s  from b io p s ie s , A stmmiary of 
the  h is to lo g ic a l  f in d in g s i s  given in  Table 10,
H is to lo g ic a l ly , lyrAphosarcomatous tuxAOurs o f the  s to m ch  and in te s t in e  
were h ig h ly  invasive  and in te n se ly  d estru c tiv e*  H sually  a l l  the  la y e rs  were 
i n f i l t r a t e d ,  and f re q u e n tly , th e re  was ex ten sio n  o f the  tumour p rocess ' on 
to  the. m esen te ry ,,o r  subserous a re a , I n f i l t r a t i o n  o f the  musela bundles 
todic the  forms o f m ild to  severe  lam in a tio n , fragm enta tion , and f in a l ly  
o b l i té r a t io n .  In  some s e c tio n s , th e  only evidence th a t  the  a re a  was form erly 
smooth m uscle o f th e  in te s t in e  was the  p resence o f I so la te d  groups o f nerve 
c e l l s  o f Auerbach’s o r M elssn e r 's  %)lexl» I n f i l t r a t i o n  o f the  mucous membrane 
xms u su a lly  accompanied by f a i r l y  marked d is te n s io n  o f  the  in te r# g la n d u la r  
t i s s u e ,  F igure  18, This p rogressed  to  hea*^ 7y i n f i l t r a t i o n  and d e s tru c tio n  
o f the  g landu lar elem ents and then  to  complete e lim in a tio n  o f  the mucous 
membrane. In  the  cases where the  mucosa alone was i n f i l t r a t e d  by mature 
lymphoid c e l l  ty p es , i t  was no t always a sim ple m a tte r  to  d e te m in e  th a t  the 
le s io n  was n e o p la s tic . High numbers o f  m ilto tic f ig u re s  and a c tiv e  d e s tru c tio n  
o f the  g landu lar elem ents by the  round c e l l s  xfere considered  to  fee im portant 
guides #
N either en cap su la tio n  o f tumour masses nor in te r n a l  f ib r o s is  were prom inent, 
but th e re  was a  g re a te r  co n ce n tra tio n  o f r e t i c u l a r  stroma than  In  tumour masses 
in  o th e r  organs.
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C r i te r ia  fo r  the  BiaRnosis o f LYmnhosatcoma on the Basle o f Examination 
of A lim entary Xeslone, The gastro-^liifcestInal t r a c t  ^  to g e th er w ith  lymph 
nodes and spleen^ a re  the  sources o f t is s u e  fo r the  h is to lo g ic a l  d iagnosis  
o f Xymphosarcoîïia in  the  l iv in g  animal ^  and in  th is  survey an a ttem pt was 
made to  e s ta b l is h  d iag n o s tic  m arkers in  a lim en tary  le s io n s , The two main 
c h a r a c te r i s t ic s  o f the  a lim en tary  le s io n s  were the  predominant tumour c e l l  
and the  d estru c tiv e , n a tu re  o f the  %3ro c e ss . D iffuse  d e s tru c tiv e  i n f i l t r a t i o n  
o f  more than  one o f th e  lay e rs  o f the  x^all o f  the  canal by stream s o r sh ee ts  
o f iiim ature% m atu re ,o r mixced lymphoid c e l l s  was accepted as p o s i t iv e ly  diag* 
n o e tic  o f lymphosarcoma□ However, where only  the  mucous «membrane was in ­
vo lved , some care  was necessary  to  d i f f e r e n t i a t e  lymphosarcoma from an in ­
flammatory mononuclear re a c tio n  or an immunogenic focus. A high frequency 
o f m ito tic  f ig u re s  and a c tiv e  d e s tru c tio n  o f the  g landu lar t is s u e  a lso  
appeared to  be e s s e n t ia l  c r i t e r i a .
THE KXDKIEYS.
In  fo rty -tw o  cases the  kidneys were involved and the  d is t r ib u t io n  o f 
re n a l le s io n s  amongst the  th re e  fom e of th e  d isease  i s  ohomi in  Table 1.
Ik)rbid anatomy. Adhesions between the  capsule and the  cortex: were not 
found, a lthough  subcapoular le s io n s  were noted in  3 cases. In  alm ost a l l  
o f  the  dogs, le s io n s  o f  lymphosarcoma were observed b i l a t e r a l l y .
The moat sev ere ly  a ffe c te d  kidneys were c h a ra c te r ise d  by a m u lt ip l ic i ty  
o f d is c r e te ,  g rey ish -w h ite  tumour nodules which measured up to  1 cm. in  
d iam e te r ,/
o  o
diam eter. They were s c a tte re d  throughout a th ickened cortex: and were s l ig h t ly  
ra is e d  on the su rface  o f the  organ, F igure 19. This type o f le s io n  was found 
in  approxslmately 16% of the  cases . In  a fu r th e r  33%. sm all cream coloured 
fo c i up to  Dfr25 cm, in  diam eter and a lso  la rg e r  wedge-shaped fo c i were found 
throughout the  c o r t ic e s .  The base o f a wedge-shaped le s io n  lay  along the 
su rface  o f the  cortex: and I t s  apex po in ted  towards the juxsta-medu 1 l a r y area*
In  many in s ta n c e s , these  le s io n s  were o u tlin e d  by a narrow aone o f  in ten se  
hyperaemia which gave them the  appearance o f ty p ic a l  re n a l in f a r c ts .
In  the  rem aining 50% o f the  kidneys which proved to  be i n f i l t r a t e d , 
th e re  was a f in e  cream coloured s t ip p le d  network over the  su rface  o f the  
kidneys and th i s  was a lso  found in  the  depth  o f co rtices*  V is ib le  le s io n s  
in  the m edulla were noted in  one o r two organa*
In g e n e ra l, the  kidneys which were a ffe c te d  w ith  lymphosarcoma were 
en la rg ed , but th i s  was never to  a very  marked degree,
h is to lo g ic a l  f in d in g s . S ections from 39 o f the  42 p o s i t iv e  cases were 
a v a ila b le  fo r study and the r e s u l t s  a re  summarised in  Table 11.
Subcapsular i n f i l t r a t i o n  was marked in  3 cases and in  sixa o th e rs  th e re  
was i n t e r s t i t i a l  i n f i l t r a t i o n  in  the  m edulla. A ll the  rem aining lympho­
sarcoma le s io n s  were confined to  the  cortex:, or the  jux ta-m edu lla ry  a re a .
In  the  cortex:, th ree  degrees o f tumour involvement were no ted , F i r s t l y ,  
th e re  were sm all, w idely s c a t te re d  fo c i ly in g  in  the in te r s t l t iu m , o f te n  
around the  sm all blood v e s s e ls .  These tended to  be c e n tra l ly  d e s tru c t iv e .
O  f
TABLE 1  1
Suîimia.ry o f the  Renal te s  lone in  tymphosarcmva o f the  Bog,
T o ta l number o f cases 39
SnbcapsnlaïT I n f i l t r a t i o n  3
C o r t ic a l  i n f i l t r a t i o n  37
I n t e r s t i t i a l  fo c i  17
Small fo c i and wedge-
shaped le s io n s  13
Tumour nodules 6
D isc re te  tumourb 1
J uista-ayadu 1 l a r y i n f i  1 t r a t I o n  12
i&ledulla ry  i n f i l t r a t i o n  6
Other fe a tu re s  
In fa rc tio n
V ascular m ural le s io n s  
Widespread tu b u la r c a s ts
but had i n f i l t r a t e d  p e r ip h e ra lly  in to  the  i n t e r s t i t i a l  spaces w ithout much 
apparent damage to  ad jacen t tu b u les  o r g lom eru li, F igure 21* This p a tte rn  
was found In  roughly h a lf  o f the  kidneys. Secondly, la rg e r  fo c i and r a d ia l  
wedges were observed, The»e were a lso  p e r ip h e ra lly  i n f i l t r a t i v e , bu t were 
a sso c ia ted  w ith  lo c a lis e d  d e s tru c tio n  of the tu b u le s . A djacent g lom eruli 
were le s s  a ffe c te d  and remained proaîinent and w ell defined  even when the 
surrounding tu b u les  had been to ta l ly  o b l i te r a te d .  This p a t te r n  was observed 
in  approxim ately 1/3 o f the  sections*  T h ird ly , in  6 c a se s , th e re  was wide­
spread invasion  o f a reas  o f the  cortex: w ith  a c tiv e  d e s tru c tio n  o f tu bu les and
to  a le s s e r  e x ten t^  the  g lo m eru li. F igure  20, A ll th ree  form ations could 
be observed in  some o f th ese  s e c tio n s . In  some la rg e r  secondary tumours, 
the only proof in  a given f i e ld  th a t  the  t is s u e  was a c tu a lly  re n a l  was the  
presence o f one o r two sm all g lom eruli w ith  pyknotic  n u c le i  which were
is o la te d  in  uniform  sh e e ts  o f lymphoid tumour c e l l s .
C asts w ith in  tubu les were a common f e a tu re ,  but were only seen in  la rg e  
numbers in  one se c tio n  where widespread tu b u la r  a trophy had developed. Small 
re c e n t In fa rc ts  were a  fe a tu re  o f  th re e  o f  the  se c tio n s  and in  one se c tio n  
th i s  was c le a r ly  due to  tumour invasion  and n ec ro sis  o f the  ad jacen t blood 
v e s s e ls .
Foci in  the  jux ta-m edu lla ry  a re a  were observed in  12 s e c tio n s . These 
lesion© were e sp e c ia l ly  prom inent around the  la rg e r  blood v e sse ls  which, 
however, showed no severe  m ural le s io n s .
Case no, 19424, o f the  a b e rra n t ty p e , was exsceptlonal in  th a t  i t  
p re sen te d /
D »
preaen ted  uiaustial kidney le s io n s . These were la rg e  expanding and w ell 
defined  lymphoid masses which were n e ith e r  p e r ip h e ra lly  i n f i l t r a t i v e  nor 
en cap su la ted , but which had grown to  cause d is to r t io n  of the  ad jacen t re n a l 
t is s u e .
Chronic i n t e r s t i t i a l  n e p h r i t i s . Since th is  d isease  i s  common in  the 
ad u lt dog in  Glasgow and i t s  en v iro n s , every a v a ila b le  kidney se c tio n  was 
oxcamined fo r evidence o f the  c o n d itio n . In  se v e ra l s e c tio n s , sm all fo c i 
o f lymphoid c e l l s  were found in  the  c o rte x  and i t  was not p o ss ib le  to  t e l l  
whether these  were n e o p la s tic  o r Inflamniatory in  o r ig in . Such le s io n s  were 
ignored , fo r  they vïiora too sm all and sparse  to  be of any c l in i c a l  s ig n if ic a n c e .
Mono o f the  39 cases In  which lymphosarcoma was observed showed 
a d d it io n a l  evidence o f severe le s io n s  o f chron ic  i n t e r s t i t i a l  n e p h r i t is ,  
but many o f the  la rg e s t  tumour fo c i had destroyed  alm ost a l l  evidence o f 
the  former re n a l  t is s u e s .  More than a doaen o th e r  cases were found to  have 
le s io n s  o f chron ic  i n t e r s t i t i a l  n e p h ritis*  Most were m ild to  moderate in  
e x te n t , and comprised f in e  c o r t i c a l  lym pho-flb ro tic  fo c i and r a d ia l  so a rs , 
some o f  which extended to ,  and had p i t t e d ,  the  o therw ise  smooth c o r t i c a l  
p3."oflle.* At such p o in ts ,  adhesions between the  capsulé and the  parenchyma 
were observed. Tubular c a s ts  were common in  such se c tio n s  and a reas of 
marked tu b u la r d i la ta t io n  were observed. I t  was no t considered  l ik e ly  th a t  
chron ic  i n t e r s t i t i a l  n e p h r i t is  would cause d iag n o s tic  confusion*
Pyelo -n e p h r i t is *^ One case o f p y e lo -n e p h r lt is  was found. This was 
a sso c ia ted  w ith  a marked mononuclear re a c t io n  below the  re n a l  p e lv ic  mucosa 
and th is  c e l lu la r  i n f i l t r a t i o n  had continued upwards between some o f the  
tubu les in  th e  m edulla, bu t no le s io n s  were seen in  the  c o rte x .
TEE TOmiML
Tw enty-six dogs were found a t  autopsy to  have m acroecopicaH y a ffe c te d  
to n s i l s .  Of th e s e , 25 were o f th e  m u3.ticentric  form, 1 o f the  a lim en tary  
form and mono o f the  a b e rran t type , Table 1.
Morbid anatomy. A ffected  to n s i ls  were p a le  in  cô lour and had smooth 
su rfacess  they  were u su a lly  en larged  b i l a t e r a l l y  and p ro truded  from th e i r  
c ry p ts . In  a few c a se s , they were so g ro ss ly  sw ollen th a t  they  p a r t i a l l y  
occluded the  en trance  to  the pharynx, but even in  such c a se s , th e re  was 
never any evidence o f su rface  e ro s io n  or ex tensions in to  the  ad jacen t t is s u e s ,
Hi8 tp lqg j.ca l  f in d in g s . Tî'?eiity%*one se c tio n s  were a v a ila b le  from the 
26 cases and a summary o f the  h is to lo g ic a l  exam inations i s  given in  fa b le  12 ,
The epithelim m  was s tre tc h e d  and th in n e r than norm al, bu t c o n tin u ity  
was p reserved  in  20 cases. In  3 o f th e s e , e ro s io n  o f the b a sa l la y e rs  by 
a c tiv e  lymphoid tumour c e l l s  had taken p la c e , but the s u p e r f ic ia l  c o l ls  r e ­
mained in ta c t ,  In  one s e c tio n , a breach in  e p i th e l i a l  in te g r i ty  had occurred 
w ithout any r e s u l t in g  inflam m atory re a c t io n j  th is  was considered  a r te f a c tu a l .
In  15 o f the s e c tio n s , the ty p ic a l  f o l l i c u l a r  arra%igement was rep laced  
by uniform  sh ee ts  o f tumour c e l l s .  V e s tig ia l  fo llic les^ ]rw h ich  were noted in  
c e r ta in  a ffe c te d  lymph nodes, were a lso  observed in  4 t o n s i l l a r  s e c tio n s .
Esq)ending tumour f o l l i c l e s  were an ou tstan d in g  fe a tu re  in  one in s ta n c e .
The mucous g lands, which l i e  deep to  th e  lymphoid t is s u e  in  the  to n s i l  
o f the  dog, were i n f i l t r a t e d  in  h a lf  o f the  e ase s . This was q u ite  v a rie d , 
a lthough /
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Summary o f the  ^ is to lo g ic a l  Finding©
In TousH q Affeefced w ith  Xvrnphosareoata.
Mucous membrane
F o l l ic u la r  p a t te rn
Mucous v^landa
O ther . fe a tu re s
In ta c t
P a r t i a l l y  eroded 
Torn
Presarxmd 
Veatig e s
Tumour f o l l i c l e s  
Absent
No i n f i l t r a t i o n  
S lig h t  i n f i l t r a t i o n  
Moderate i n f i l t r a t i o n  
Marked I n f i l t r a t i o n  
Absent
D iffu se  n e c ro s is  
N eu troph ils
17
3
I
4
1
15
21
21
Y %
a'ithough m ainly o f a m ild I n t e r s t i t i a l  n a tu re , th e re  being only 3 cases 
where m oderate o r severe Invasion  was observed. In  n e a rly  % of the s e c t io n s , 
the  mucous glands were weJ/J. defined  and com pletely fre e  from tumour c e l l  
i n f i l t r a t i o n .  D iffuse  n e c ro s is  o r in f iI te ra t io n  w ith  m yeloid elem ents were ra re ,
Lymphosarcoma o f the  canine to n s i l  was c h a ra c te r ise d  by marked d is te n s io n  
o f the t is s u e  w ithout any lo ss  o f surface, in te g r i ty  and only nominal i n f i l ­
t r a t io n  in to  a sso c ia ted  t i s s u e s , This was in  c o n tra s t  to  the  dep ressed 3 
u lc e r a t iv e ,  hard@ in te n s iv e ly  iîavasive and d e s tru c tiv e  le s io n s  o f squamous 
c e l l  carcinoma which i s  the  o th e r major m alignant d isease  o f the to n s i l  o f  
the  dog,
TEE HE^T,
The h e a r t was a ffe c te d  in  12 dogs, a l l  bu t one o f which x^ere in  the 
m u ltic e n tr ic  group, Table 1.
M acroscopically , th e re  were no p re d i le c t io n  s i t e s  and most o f  the  le s io n s  
were sm all w h itish  fo c i up to  0 ,5  cm, in  d iam eter w ith in  the. myocardium and 
appeared as u n ra ised  spo ts on the  su rfa c e . In  5 o f the dogs much la rg e r  fo c i 
x#.re observed. In  one case , th e re  were many w ell de fined , d i s t in c t ly  r a is e d  
tumours xAich were up to  3 cms, in  d iam eter in  th e  myocardium. They xmre 
p re sen t in  the w a lls  o f the  a u r ic le s  and v e n tr ic le s  on both s id e s  o f  the  
h e a r t .  Another case had brow nish-w hite tumour f o c i ,  approxim ately 0 ,5  « 1,0 
cm* in  d iam ete r3 in  the  w a lls  and septum o f the  l e f t  v e n tr ic le ,  à  much 
la rg e r  focus was found tra v e rs in g  the w all o f the  r ig h t  s id e . In  2 c a se s j 
a s in g le  d is c re te  le s io n  xms re p o rte d . In  one o th er dog, much o f the  w all 
o f the  r ig h t  v e n tr ic le  was com pletely rep laced  by lymphoid tumour t i s s u e .
F ig u re ,24,
f o
H isto lio g lca l f in d in g s . The rtodules and la rg e r  fo c i  o f  tumour t is s u e  
in  the  myocardlmi comprised sh e e ts  o f lymphoid tumour c e l ls  which had destroyed  
the  m yocardial muscle f ib re s  at. th e  s i t e  o f the  le s io n  and xvere a lso  expanding, 
s t re tc h in g  and d is to r t in g  ad jacen t m iaffec ted  m usculature. Many o f the  le s io n s  
were i n f i l t r a t i v e  and lam ination  o f the  muscle f ib re s  was a f e a tu re , F igures 
25 and 26, Some se c tio n s  shoxmddsmall a reas o f subendocardial o r sub- 
p e r ic a rd ia l  tumour I n f i l t r a t i o n ,
THE imiGS,
The lungs xjare a ffe c te d  w ith  lymphosarcoma in  20 dogs. Fourteen of 
them were in  the  m u lt ic e n tr ic  group and the  o th e r  6 ware o f the  a lim en tary  
ty p e , Table 1,
Morbid anatomy» The lungs viere m acroseopically  normal in  25% o f the 
cases which were l a t e r  found to  have h is to lo g ic a l  evidence o f the  d ise a se .
In ano ther 25%, the  signs of tumour involvem ent ware not p a r t ic u la r ly  marked.
On se c tio n  of a lo b e , th e re  were e i th e r  s c a t te re d  a reas o f roupd g rey ish  
fo c i ,  which were no t always v i s ib le  on th e  su rfa c e , or ,.e lse ''a  d if fu se  g rey ish  
netxTOrk over wide a re a s . In  the  o th e r -50% o f a ffe c te d  lungs, w ell d e fin ed , 
i s o la t e d ,yellow ish  tumour nodules xmre observed w ith in  the  lung parenchyma. 
These were between 0 ,5  and 2.5 cdi* in  d iam eter, F igure 23,
His, to  Ip g ic a  3., f ind  in ss  « In  a few s e c t io n s , where th e re  had been no 
raaGroGcopical evidence of tumour i n f i l t r a t i o n ,  some of the  c a p i l l a r ie s  and 
venules were found to  be g ro ss ly  d istended  by masses o f leu co cy tes , o f both 
lymphoid and myeloid ty p es . Where such v e sse ls  were sec tioned  lo n g itu d in a lly , 
they and th e i r  branches were t ig h t ly  packed x^ith those c e l l s .
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In  se v e ra l  lung s e o t io n s , le s io n s  \-aete noted p a r t ic u la r ly  in  the 
a lv e o la r  spaces around the  b ro n ch io les . F igure 22, and in  one in s tan c e  
th e re  was marked i n f i l t r a t i o n  o f the sulmueosa of a b ro n ch io le , Such 
le s io n s  were assumed to  be p a r t  o f the tumour process because th e i r  c e l l  
types corresponded to  the  modal c e l l  type o f the  tumour* In  o th e r s e c tio n s , 
tumour c e l l  i n f i l t r a t i o n  was co ncen tra ted  around the sm aller blood v e s s e ls .
Where tumour nodules xvrere p re sen t In  the  lung t i s s u e ,  xdiole a reas  had 
become p a r t i a l l y  or com pletely rep laced  by sh ee ts  o f tumour c e lls*  In  some 
s e c tio n s , su rv iv in g  a lv e o li  con ta ined  clumps o f lymphoid c e l l s  xifhlch were 
more da rk ly  a ta llied  than  those elsexvhere, F igure 22* Although these  tumour 
nodules were m acroscopleally  d is c r e te ,  th e re  xms no evidence o f encapsu la tion  
o f the nodules and th e re  was a c tiv e  i n f i l t r a t i o n  o f ad jacen t lung t is s u e  a t  
th e I r  per ip h e rle  s .
Tm BONE MARROW.
I n f i l t r a t i o n  of the  bone marroxf by th e  tuiAour process x<ras observed In  
15 dogs, 3.4 o f which xvere o f th e  m u lt ic e n tr ic  ty p e , and the  o th e r was an 
a lim en tary  case , Table 1*
Morbid anatoiw* Where the  bone ffiàrrox-? was I n f i l t r a t e d ,  th e re  was u su a lly  
a r e l a t iv e ly  homogenous red  o r r u s t  c o lo u red ,h ig h ly  c e l lu la r  t is s u e  p re sen t 
throughout the m edullary c a v i t ie s  o f the  long bones, Hox^fever, th is  was not 
in d ic a tiv e  o f leukaemlo I n f i l t r a t i o n ,  s ince  myeloid h y p e rp la s ia , xvhleh 
occurred  f re q u e n tly , p resen ted  a very  e lm lla r  appearance.
f o
H is to lo g ic a l f in d in g s* ïn  3 o f the  case s , the marrow section, was 
in d is tin g u ish a b le  from any o th e r le s io n s  o f lyïiiphosarcoma,being composed 
o f  uniform  sh ee ts  o f lymphoid tumour c e l l s .  Five cases p resen ted  fo ca l 
le s io n s . There was crowding ou t o f h y p e rp la s tic  e ry th ro id  and iiiiyeloid 
elem ents and m egakaryocytes. There was l i t t l e  evidence in  these  se c tio n s  
o f f a t  c e l l s ,  à  much more d if fu se  i n f i l t r a t i o n  o f the. normal marrow elem ents 
by lymphoid c e l l s  was observed in  the  rem aining 7 cases , but the  marrow x?as 
again  h ig h ly  cellu3 ,ar. F igure 27.
A high  number o f se c tio n s  rev ea led  marked myeloid h y p erp las ia  w ithout 
evidence o f an Increase  in  th e  lyriphoid c e l l  p o p u la tio n , F igure  26*
OTHER AFFECTED TXSSÜF.S.
A l i s t  o f the  o th e r t is s u e s  in  the  body xAiclit were found to  be a ffe c te d  
by lymphosarcoma i s  given in  Table 2*
Foci o f tumour c e l l s ,  x^hlch were lo c a lly  d e s tru c tiv e  ami p e r ip h e ra lly  
i n f i l t r a t i v e  o r in v as iv e , were c h a r a c te r i s t ic  o f most o f the  th ese  o th e r 
organs and t is s u e s ,
TUMODE CELL MORPHOLOGY.
^ le  c e l l  morphology o f canine Iwaphold t i s s u e .  The c e l l  types found 
in  the  lymphoid t is s u e  o f man which have been described  by Ham (1961) were 
alm ost id e n t ic a l  to  those observed In  the  lymphoid t is s u e  se c tio n s  o f 20 
dogs which were c l in i c a l ly  f re e  from d ise a se . Ham recognised  only tîire© 
c e l l  types in  the lymphoid c e l l  l in e ,  the  lym phoblast, the medium lymphocyte 
and/
and the  sm all lyraphocyfce, In  the  dog, i t  was p o ss ib le  to  id e n t i fy  4 c e l l  
p o p u la tio n s , lym phoblasts, la rg e  lymphocytes, raediUmt lymphocytes and sm all 
lymphocytes. I d e n t i f ic a t io n  o f the  modal c e l l  In  each-group xms r e l a t iv e ly  
simp3.0 , but th e re  was so much v a r ia t io n  th a t  many in d iv id u a l c e l l s  could 
no t be c la s s i f i e d  w ith  c e r ta in ty ,
T1%0 lymphoblaat was the  most re a d i ly  id e n t i f ia b le  o f  the  modal c e l l  
types* I t  was one, o f the  la rg e s t  c e l l s  in  the  t i s s u e ,  -with a  w ell defined  
round o r angu lar c e l l  membrane and a Barrow rim  o f p a le  b a so p h ilic  cy to ­
plasm , o c ca s io n a lly  re v e a lin g  a f in e  p e rin u c le a r  halo* The nucleus was 
u su a lly  round3 but i t  v a rie d  from oval to  an g u la r, and i t s  membrane was 
th in  and defined  by a siarrox^ l in in g  o f condensed chrom atin, F ine chrom atin 
p a r t i e  lee  were s c a tte re d  throughout the  n u c lear sap xAich remained re3.ative3.y 
c le a r  and unstained* A lep to  chromat in  network ra d ia te d  froai a prom inent 
c e n tra l  nuc leo lu s to  l in k  up the  chrom atin p a r t ic le s *  The nuc leo lu s was 
e i th e r  e o s in o p h ilic  and tra n s lu c e n t , or o f a p a le  b a so p h ilic  co lo u r, depending 
on the degree o f ehrom atin condensation  on and around I t ,  There xvere o ccasio n a l 
b la s t  c e l l s  whose alm ost naked nuc leo lus occupied over 50% o f  the  nucleus.
O thers showed 2 or 3 n u c le o li ,  some o f which xvere m arginated on the  n u c lear 
membrane.
The la rg e  lymphocyte was alm ost as la rg e  as the  lymphoblast* I t s  n u c lear 
cytoplasm ic r a t i o  was a lso  s im ila r ,  but condensation  o f the chrom atin was 
more marked, and the  n u c le o li  xfere sm all and q u ite  inconspicuous. Large 
chrom atin p a r t i c le s  were observed in  the  l in in g  chrom atin o f the  nucleus and 
s im ila r /
s im ila r  p a rtic le©  were p re sen t in  the  sap , tend ing  to  overly  and obscure 
the  n u c le o li .  The supporting  chrom atin network vas a lso  c o arse r than  in  
the  b la s t  ce ll*
The medium lymphocyte xms a ak iailer c e l l  which showed even more marked 
d i f f e r e n t ia t io n .  The n u c lear cytoplasm ic r a t i o  was o f te n  low, but could be 
l e i ,  and the  c e l l  xaembrane was w ell defined* The cytoplasm  x-jas p a le  and no 
p e rin u c le a r  ha lo  was v i s ib le .  The n u c lea r membrane was obscured by la rge  
dense b locks o f  chrom atin which X’?ere a ls o  found c e n tr a l ly ,  p a r t ly  obscuring  
the  n u c lea r sap wlilch x^as somexdi.at basoph ilic*
The sm all lymphocyte had l i t t l e  or no v i s ib le  cytoplasm . I t s  nucleus 
was round or s l ig h t ly  indented  and alraost e n t i r e ly  packed w ith  chrom atin 
blocks* Where the  nuc lear sap was s t i l l  in  ev idence, i t  was d i s t in c t ly  
basophilic*
C e lls  in d is tin g u ish a b le  from those o f the  lymphoid c e l l  s e r i e s ,  bu t w ith  
a much more b aso p h ilic  cytoplasm , were assumed to  belong to  the  plasma c e l l  
l in e .  The mature plasma c e l l  had a nucleus Id e n tic a l  to  th a t  o f the  sm all 
lymphocyte, bu t the n u c lear cytoplasm ic r a t i o  x\?as a t  le a s t  1 : 1* Tî.io cytoplasm  
x^as q u ite  b a so p h ilic  o fte n  X'jith a p e rin u c le a r  h a lo .
The p rim itiv e  r e t i c u la r  c e l l ,  probably b e t te r  termed simply the stem c e l l ,  
was the  la rg e s t  c e l l  in  lymphoid tissu e*  I t  was c h a ra c te rise d  by an oval 
nucleus in  a round, ap p aren tly  empty space , surrounded by lymphocytes. The 
n u c lea r cytoplasm ic r a t i o  was o f te n  3.ess than  I*X and the cytoplasm  could 
sc a rc e ly  be recognised  because i t  was so pa.&e. I t s  c e l l  membrane was a lso  
d i f f i c u l t /
f o
d i f f i c u l t  to  id e n t i fy  but could sometimes be ap p rec ia ted  as i t  lay  a g a in s t 
neighbourtag  c e lls*  The stem c e l l  nucleus was oval w ith  a f in e ly  etched 
n u c lea r membrane lin ed  by only  a n a rro w ,s lig h tly  p a r t i c u la te ,  chrom atin film*
A sm all nucleo lus lay  in  the c en tre  or Ju s t o f f - c e n tr e , ap p aren tly  coated by 
a chrom atin film  from xdilch f in e  chrom atin s tra n d s  ra d ia te d  toxmrds the 
chromatin, l in in g  o f the n u c lea r membrane, ta e  n uc lear sap x^as unstained* 
O ccasionally , a prom inent p a le  nuc leo lu s ims found in  a stem ce ll*
The reticuX o-exidothel i a i  c e l l  was very  s im ila r  iu  appearance to  the 
stem c e l l  except th a t  i t s  cytoplasm  xfas f a in t ly  b a so p h ilic  and the  c e l l  
membrane xms xfell-T de f in ed . In  the  ©inuses o f the  nodes, th ese  c e l l s  x^ere 
linked  fey cytoplasm ic b ridges in to  a loose netxwrk. On s e c tio n , the  r e t i c u lo ­
e n d o th e lia l  c e l l s  which were l in in g  s in u ses x-yere th in  and f la t te n e d  and 
contained  a  nucleus x-îhlch was compressed and dense*
S im ila r c e l l s ,  xdiich had t^ounded up and contained  c e l l  d e b r is , carbon 
p a r t i c le s  3 haem osiderta o r o th e r  m a te r ia l  x fith in  th e i r  f a i r l y  ex tensive  
cytoplasm , x^ere id e n t i f ie d  as macrophages^,
Wglifc m icroscope.
se c tio n s  o f t is s u e s  a ffe c te d  x^lth lymphosarcoma and s ta in e d  x^lth haem otoxylin 
and eo sln  contained  tumour c e l l s  which, as in d iv id u a l c e l l s ,  ware ta d is -  
tto g u ish a b le  from those found in  the lyiixphoid t is s u e  o f dogs which were f re e  
from th is  d ise a se . Tm our c e l l s  could only  fee recognised  as such because they 
tended to  form r e la t iv e ly  uniform  c e l l  sh ee ts  and these  c e l l  formation© were 
i n f i l t r a t i v e  and d e s tru c tiv e .
7  y
The modal tumour ce3.1 type o r types which were p re se n t In  lymph node 
se c tio n s  from 3.09 cases a re  sho-ym in  Table 13, From th is  g i t  caix be ob­
served th a t  60 o f the 109 se c tio n s  p resen ted  le s io n s  in  xAich the dominant 
c e l l  type was a. la rg e  lymphocyte or more immature c e l l ,  w h ils t 42 cases had 
a tumour c e l l  popu la tion  in  which m aturer l^miphoid c e l l s  -were xv^ell rep re sen ted . 
Ill o rder to  r e l a te  the modal c e l l  tyj^e o r types w ith the age and sex of the 
animal and a lso  xfith the  d u ra tio n  o f the  c l i n i c a l  i l ln e s s   ^ th ese  c e l l  groups 
were termed the  *®lmaature c e l l  group'* and the  '*mlxed and m ature c e l l  group*’ 
respectivc3 .y3 F igures 29, 30, 31 and 32, In  7 sec tio n a  the cyto logy xfas too 
poor to  enable rec o g n itio n  o f the modal c e l l .  In  3 o th e r s e c t io n s , th e re  was 
a h igh  myeloid elem ent and plasma c e l l s  weire numerous in  one o th e r . There
was no s t a t i a t l e a l  d if fe re n c e  in  the  d i s t r ib u t io n  o f modal tumom: c e l ls  between
2the txw major forms o f the d ise a se , 'X "  2.17 w ith  one degree of freedom.
A comparison was made between the  tm iour c e l l  types in  node so r tio n s  and 
those found elsew here throughout the  body^ In  47 cases th e re  xms d e f in i te  
evidence o f  in te rn a l  v a r ia t io n ,  but th is  v a r ia t io n  was le s s  marked xdien the  
tumour c e l l s  were c la s s i f i e d  in to  the  ^immature c e l l  group’* and th e  **mixed 
or m ature c e l l  g roup.’* Eoxfever, the  d if fe re n c e s  in  tumour c e i l  types from 
organ to  organ were s t i l l  too wide fo r  th is  form o f  c la s s i f i c a t io n  in  17 
c a se s . Table 14, Thus, a p a r t from 1/6 o f the t o t a l  number o f cases examined, 
the  dominant tumour c e l l  type in  lymph nodes a ffe c te d  x^ith lymphosarcoma in  
the  dog xms an in d ic a tio n  of the  tm iour c e l l  pop u la tio n  in  le s io n s  in  o th e r 
p a r ts  o f the  body,
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O  V
The Modal Tumour CeXls in  th e  Lvmph Node S e c tio n s ,
G ell Types M aX ticentricGroup
Aiim entary
Group T o ta l
Stem C elle
Pleomorphic b la s t  c e l l s
tym phoblaets
hyîiip'hobXastB and 
la rg e  lymphocytes
Large lymphocytes
B la s ts , la rg e  and 
medium î^yaiphocytes
Medium lymphocytes & b la s ts
Large and medimii lymphocytes
Large, medium and 
sm all lymphocytes
A il c e l l  types
S-ladimB and sm all lymphocytes
Flasma c e l l s
Myeloid elem ents
U n id e n tif ia b le
Z
3
19
10
2
3 
1
4
12
6
1
1
2
12
1
1
0
4
3
25
22
4
2
9
2
18
3
1
3
7
T o ta l 58 51 109
o  X
TABIS i  4
V a ria tio n  in  the  I-M al G ell from Organ to  Organ,
Immature ceIX types 23
Mtaed o r m ature types 7
Wide v a r ia t io n 17
T o ta l 47
o  A
H l to tlc  r a te s ,  The m ito tic  r a te  \mn estim ated  fo r each a ffe c te d  lymph 
mode se c tio n  a t  a  m agn ifica tion  o f x 500 and c la s s i f ie d  on the  follow ing 
b a s is # Where a m ito tic  f ig u re  xme observed in  every f i f t h  f ie ld  or more 
which was se lec te d  a t  random, the  r a te  x a^s I f  one o r more fig u res
xmre found re g u la r ly  in  every fo u rth  or f i f t h  f i e ld ,  the terra "moderate” xms 
employed. ï'îhen every second or th ird  f ie ld  p resen ted  signs of m ito s is , th is  
was c la s s i f ie d  as "h igh ;"  the  term "very high" being reserved  fo r  those 
in stan ces where almost every f i e ld  contained  more than one flg;are, This 
was an a rb i t r a r y  method and p re c ise  e stim ates  were no t p o ss ib le  due to  the 
v a r ia tio n s  in  the r a te  o f m ito s is  which could occur from area  to  a rea  w ith in  
a se c tio n . However, i t  was be lieved  to  give a reasonable  in d ic a tio n  o f the 
d iffe ren c e s  in  the  r a te s  o f m ito s is  amongst the sec tio n s  in  th is  s e r ie s ,
The m ito tic  r a te s  in  lymph node se c tio n s  from 109 cases a re  given in
Table 15. In  the "imimture c e l l  group," 48 o f the  60 cases had a m ito tic
r a te  which was high or very  h ig h , x A i ls t , in  the  "mixed or mature c e l l  group,"
29 out o f 38 had r a te s  which were moderate o r low. S t a t i s t i c a l  a n a ly s is
ahoxmd th a t  th e re  xms a h igh ly  s ig n if ic a n t  d iffe ren c e  between the two groups,
2a t  the  0.1% le v e l ,  ^ 29#33 w ith  one degree o f freedom. I t  could thus 
foe concluded th a t  the  m ito tic  r a te  was c lo se ly  re la te d  to  the tumour c e l l  
type, and th a t  h igher r a te s  \m te  found in  the more immature c e l l  sh e e ts ,
S m Ê M ^ W k m . S l .a f f e ccacl I»  14 casa s , lymph node im prin t
film s x^ere prepared and s ta in e d  w ith  la is W a n 's  s ta in .  H is to lo g ic a l sec tio n s  
were prepared from the  same nodes and s ta in e d  xfith Haeraatoxylin and Eosin#
The tumour c e l l  types observed in  each o f the  two methods are  given in  Table 16.
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Types lu  the  Lvraph Node B astions,
C e ll Types
E stim ated M ito tic  Rates 
Very High High Moderate Low T otal
Stem c e l ls 1 1 0 0 2
pleomorphic b la s t  c e l l s I  2 0 0 3
Lymphoblasts 2 21 2 0 25
Lymphoblasts and 
la rg e  lymphocytes 5 3.0 6 1 22
Large lymphocytes 5 1 2 8
B la s ts , la rg e  and 
medium lymphocytes I 1 2 4
Medium lymphocytes & b la s ts I 1 a
ï^ rg e  & medium lymphocyte©
Large, medium and 
em ail lymphocytes
A il c e l l  types
Medium 6; em ail lymphocytes
Plasma c e l le
Myeloid elem ents
ÎJnldettt i f ia b  le
T o ta l
S
1
10
3
1
50 18 25
18
3
1
3
7
109
8 4
81x of the f i f te e n  case© showed tumour c e l l  types which were id e n tic a l  
In the imprint© and the sec tio n s  ; in  s ix  o th e rs , there  was an apparent s h i f t  
towards a more d if fe re n t ia te d  c e l l  type In  the im prin ts; in  the 2, rem aining 
cases 3 there, was much le ss  evidence of pleomorphisnn in  the im prin ts as com­
pared to  the sec tio n s ,
When c la s s i f ie d  in to  "immature" and"mlxed and mature" groups, only 
one case -, No; 25004, xwuld have req u ired  re -c la s s if ic a t lo n *
TASm 16;
Tumour G alls Id e n tif ie d  in  Im print F ilm s.and H is to lo g ica l 
Sections from the Same Lymph, Node A ffected  x^it.h Lymphosarcoma.
]&^D3r *l 'ft'A^wAiKJwtrriJTP j^rvVsîAWrt* H istology,
12998 Lymphohtasts & large  lyraphocytes Lyaiphoblasts & large lymphocytes
17807 Large, medium & sm all lymphocytes A ll types
23X57 Lymphoblasts Lymphoblasts & large lymphocytes
24477 Lymphoblasts Lymphoblasts
Large lymphocytes Lymphoblasts
25358 Lymphoblasts & large  lymphocytes Lymphoblaets
25369 LyxAphob la s ts Lymphoblasts
25394 lymphoid and myeloid c e l ls Lymphoid and myeloid  c e l ls
25257 Largo lymphocytes Lymphoblasts
25004 la rg e  lymphocytes A ll types
25800 Large lymphocytes Lymphoblasts
2393.3 Lymphoblasts & la rge  lymphocytes Lymphoblasts
25690 Lymphoblasts Lymphoblasts
25784 Lymphoblasts Lyraphoblasts
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BHEGiàL Em M im Tiom ,
mEMATomoicAL p im im a *
Venous blood samples were taken  from 91 dogs in  x?hich lymphosarcoma was 
confirm ed a t  autopsy. There were 50 cases o f the  m u lt lc e n tr lc  form, 39 o f 
the a lim en tary  type and Z o f  the  a b e rran t form.
The E ry th ro c y te s .
The e ry th ro cy te  sed im enta tion  r a t e , (E. 3 ,R, ) . A to ta l  o f ZZA- exam inations 
\was' c a r r ie d  ou t and the r e s u l t s  a re  g iven in  Table 17* In  th e  m u lt ic e n tr ic  
form o f the  d isease^ more than h a lf  o f the  read ings were le s s  than  10 mm./hour, 
but 30% xmre h igher than 30 im%./hour. In  the  a lim en tary  forms read in g s g re a te r  
than  10 mm*/hour x^ere observed in  only 25% of the sam ples. The a b e rran t cases 
appeared to  follox-ï th e  p a t te rn  o f th e  m u lt ic e n tr ic  cases.
Packed c e l l  volumes. (P .O .V .) * The r e s u l t s  o f 258 exam inations a re  
p resen ted  in  Table 18. In  the  m u lt ic e n tr ic  forra^ 123 o f the 182 read ings 
X'jere le s s  than  40%, 56 were under 30% and 8 o f these  had f a l le n  belox^ 20%,
A s im ila r  tren d  was observed in  blood samples from the  o th e r  two forms o f 
the  d ise a se . However, 3 o f the  samples from the  a lim en tary  form gave read ings 
which X7e re  h igher than  the normal ran g e , which probably r e f le c te d  the  g re a te r  
r i s k  o f haem oconcentrat ion  a sao e ia ted  w ith  the  more p e r s i s te n t  f lu id  lo ss  
in  th is  form o f the  d ise a se .
Haemoglobin e s tim a tio n s . Table 18 shox^a the  r e s u l t  o f  249 haemoglobin 
e s tim a tio n s . Over 50% of a l l  sariiples from the m u lt ic e n tr ic  cases gave read ings 
which/
TABLE
E ry th rocy te  Sedim entation R ates in  Bogs w ith  lyainhosarcoma.
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which were le s s  than  12 gm./lOO ml, o£ blood* Of the samples from the
a lim an tary c a se s , approxim ately 33% were le s s  than 12 gm./lOO ml, o f  blood*
Each t e s t  c a r r ie d  ou t on the  blood samples from both cases of the  ab e rran t 
group xvas in  th is  low range.
T o ta l e r v t l i r o ^ ^  counts. In  Table 18 the r e s u l ts  o f 219 e stim atio n s 
a re  shown. Anaemia, as evinced by a t o t a l  count o f le s s  than  4 m ill io n  
e ry th ro c y te s  per cu.m i, p vas found in  60 ou t o f a t o t a l  o f 141 saiiplea from 
the m u lt ic e n tr ic  cases* Only 13 out o f a t o t a l  o f 67 samples from the a lim ­
en ta ry  cases showed read ings in  th is  low range and in  th is  form o f the  d is e a s e ,
4 r e s u l ts  exceeded 8 m illio n s  per cu.imi,
and M.Q.ll.C. Table 19 allows the  Mean Corpuscular Volumes and 
Table 20 gives the Mean Corpuscular Haemoglobin C oncentrations o f the e ry th ro ­
c y te s .
These d a ta  in d ica ted  a r e l a t iv e ly  normal M.C.V, in  the  m a jo rity  o f samples^ 
but th e re  appeared to  be some tendency toxmrds micirocyfcosis in  some o f the 
samples from cases o f the  a lim en tary  type; 11 o f the 63 samples gave r e s u l ts  
le s s  than 60 cu ,p .
An abnorm ally high or low H.G.H.C, was only observed in  a sm all number 
and th is  could w ell be due to  te c h n ic a l v a r ia t io n s  a lone .
The p rog ress of.an aem ia .In  lymphosarcoma. There x^ere 19 dogs from which 
laore than  4 blood samples ware examined during  the  course o f the  disease* 
Fourteen anim als became p ro g re ss iv e ly  anaemic w ith  a r e la t iv e ly  steady  d ec lin e  
in /
VJ
ièMpA  9
l ^ l t i c e n t t i e àlim oB tary A berrant T o ta l
CU,|Jl
<  50 3 1 4
50- 4 1‘i 1 16
22 »2 1 35
70- 39 15 6 60
80- 38 17 55
90» 19 5 1 25
lorn- 7 5 1 13
Samples 132 65 11 203
Dogs 43 35 2 80
■fABÎ® 3 0
Mean Corpus.cular HaemoRlohia Coneenkrat i on *
Cl u
l» P > H W 'v #m  i|i.n>.>;f»sq*»aFrt
Mtî. 11 icenfcr io A lim entary A berrant T o ta l
t.
< 23% 4 1 5
23%- X52 62 10 224
46%‘5. l 2 l 4
. , ,,M
Samples 157 65 U 233
Dogs 43 35 2 80
a ±
In  the t o t a l  e ry th ro cy te  caunt^ the  and the  co n cen tra tio n  o i  haemo­
g lob in . In  t w  In s ta n c e sÿ the  doge fran k ly  anaemic throughout the
course o f the c l in i c a l  d isease^  bu t in  two o th e rs  th e re  was no m easurable 
anaemia« One a d d itio n a l case was anaemic to  begin withg but th is  improved*
C ircu la t i n g normoblasts* Immature e ry th ro cy te s  were observed in  many 
o f the blood films* These were m ainly e o s in o p h ilic  nomob l a s t  s^ but e a r l i e r  
forms were observed 5 e sp e c ia lly  whan nomob l a s t s  wore p re sen t in  r e la t iv e ly  
la rg e  numbers* Table 21 shows the number o f blood film s co n ta in in g  normo­
b la s ts  in  anaemic and non-anaemic dogs w ith  lymphosarcoma* Table 22 gives 
the  co n cen tra tio n  of norm oblasts in  th roe  anatom ical groups 5 ozcprossed as 
a percentago o f the c ir c u la t in g  leucocy tes . Table, 23 p re sen ts  the concen­
t r a t io n  o f nomob la s t s  according  to  the  degree o f anaemia in  the  m ulfcicentric 
group.
From th ese  r e s u l ts  j, i t  was concluded th a t  a h igh percen tage o f  the  blood 
film s from dogs w ith the m u lt ic e n tr ic  form o f  the d isease  contained  normo­
b la s ts  and 0 w hllse th e i r  presence was no t c le a r ly  re la te d  to  anaemia^ those 
which showed more than  10 norm oblasts per 100 leucocytes were s t a t i s t i c a l l y  
more l ik e ly  to  occur in  anaemic an im als3%  ^ 6 .7  fo r  one degree o f freedom*
Summary* From the fo regoing  r e s u l t s  3 i t  was concluded th a t  p rog ressive  
anaemia was coramon in  lymphosarcoma ,'o f the  dogg p a r t ic u la r ly  in  the  m u lti-  
c e n tr ic  form o f the  d ise a se . The anaemia was noriiioeytlc and normochromic 
and c ir c u la t in g  nomob la s t s  were a re c u rr in g  fe a tu re  ^  e s p e c ia lly  in  the 
m u lt ic e n tr ic  cases where high numbers were o f te n  'a ssocia ted  w ith ’.Trank anaemia
mmm 2  i
y  %
â S l â ^ â - Ï S B l i îryfchrocyfce GoiâSit£*
M u ltic e n tr lc
cases
A lim entary
cases
A berrant
cases
A ll
eases
T ota l number o f 
ôKaiBlnations 141 67 11 219
Films xHth 
norm oblasts X08 11 1 126
E ry th rocy te  counts i
< 4 X %Q^/oiutm* 45 8 53
6X 10 /cu*#B# 48 1 1 56
Unrecorded 13 2 17
a 3
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The tegberQ o f  O lrc u la tln g  H om oblasts.
îiîomoblasfcB/ tooleucocytes
H u lticen trlc
eases
Alim entary
cases
A berrant
cases
< 1 55 14 1
39 3
10- 9
20- 1
30- 2
40- 2
5m-
T o ta ls 108 17 1
y 4
TASm 3  3
The. Hümbers o f C ircuX atltig Normoblasts Qomparad xfith
â æ B fe J a ia 3 Æ ^ £ Ë a S 3 Æ J .a g ^
Homobiaafca 
/XOO leucocy tes
1
1-
10-
20-
30-
T o ta ls
R.B.C*
< 4 X 10
17
18
6
6 R# B*0 (>  4 3c 106
E.B.O*
UBreeorded
28
18
1
10
:;2
T o ta l nunîber 
o f cases
 ^> n r 11,1 » II iW !>ll| WKi I. J#.v#KPWW
55
39
9
1
0
45 48 15 108
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The leu c o cy te s*
T o ta l leucocyte counts* The r e s u l t s  o f 261 exam inations a re  shown in  
Table 24* lau co cy to sis  was accepted  as a t o t a l  xA ite c e l l  count in  excess 
o f 16000/cu.ïïïïu. This was observed in  637» o f blood samples from 30 m u ltic e n tr ic
dogs and 67% o f those from a lim en tary  cases* A ll samples from the  2 ab e rran t
cases showed leucocytoais*
D if f e r e n t ia l  leucocyte  c o u n ts* In  the  p re lim in a ry  d i f f e r e n t i a l  coun ts , 
th ree  main c e l l  types were recorded^ vi%. the  n e u tro p h ils , lymphocytes and 
e o s in o p h ils . Repeated exaadnations f a i le d  to  dem onstrate th a t  the  monocyte, 
observed in  human b lood , d id  in  f a c t  occur in  canine blood.
The ab so lu te  n e u tro p h il, ab so lu te  lymphocyte and ab so lu te  eo sin o p h il 
counts o f 247 blood film s a re  given in  Tables 25, 26 and 27, re s p e c tiv e ly .
Samples showing a n e u tro p h ilia  a lo n e , a lymphocytosis a lo n e , o r n e u tro p h ilia
and lym phocytosis a re  l i s t e d  in  Table 28.
H eu tro p h llia  was an o u ts tan d in g  fe a tu re , o ccu rrin g  in  approxim ately #3% 
of the. blood samples from the th re e  groups.
Approximately 1 in  every th re e  blood saaiaples revealed  an a b so lu te  lympho­
c y to s is  in  the  m u lt ic e n tr ic  and the  a lim en tary  case s . Lymphocytosis xms a lso  
a fe a tu re  o f a l l  the blood samples taken  from the  two ab e rran t case s .
An ab so lu te  lymphocytosis was frecj^uently masked by the presence o f n eu tro ­
p h i l i a  and th is  type o f leu co cy to sls  was observed in  25% o f  the  m ulfcicentrle 
c a se s , 28% o f those o f the  a lim en tary  type and 7 samples from the  a b e rra n t eases .
iliOUCQeyte Cmmts,
X 10 feu*xm*
0 -  16- 32- 48- 64- T o ta l Numbercounts o f dogs
MuXtiaanlrrio 63 66 22 9 3 14 177 50
A lim entary 24 26 16 3 1 73 39
A berrant 4 2 4 11
T ota l 87 96 40 16 6 16 261 91
y Ü
y 7
t a b l e  2  s
A b so lu te  N e u tro p h il  C ounts,
3X lO
T o ta l Number
0 — 4# 12. 24- 36# 4&b counts o f dôga
Mit î t  ie e n tr  le 4 54 69 20 5 17 169 48
A lim entary 0 17 29 9 a 4 67 37
A berrant 1 3 3 2 2 11 2
T o ta l 5 74 98 32 15 23 247 87
îiu X tieen trio
A lim entary
A b e rra n t
T o ta l
gABXÆ 8  6
A b so lu te  Lyrftphouvte C o u n ts .
X 10’ /eu,mm.
5- 10- 15- 20- 25-
114
42
156
26
18
5
49
11
5
4
20
sot- T o ta l Number countG o£ doge
169
67
U
48
37
2
87
y  »
TABLE 3 7
A bsolute E osinophil Gounts in  Oaulne Lymphosarcoma.
■per cu./îiiil*
< 1600 1600- 240Df Number o f cases
Number of 
clogs
Mu 11 ic e u tr i c 157 2 10 169 fo
A lim entary 65 67 37
a b erran t
A ll cases
XI
233
11
4 10 247 87
.warn#,# # #  f  m * . n f  w # 0 i#d W . , f; ,,c$r*,  W m
TABLE 3  8
The Incidence of la u c o fiy to s is . in  Bogs w ith  Lymphosarcoma*
Number o£ dogs
WwfbMjrJ, 0&LXwm#'i(L###p; 4*iWk <tM4â*i*<^*syhiv*«v*wii> ■'J
Number o f counts
M u ltic e n tr ie  A lim entary A berrant . nijypg A ll casesType 
48
169
37
67 11
87
247
N eu tro p h ilia  alone
A bsolute lympho­
c y to s is  alone
N e u tro p h ilia  and 
lymphocytoD is
113
58
12
56
31
6
1 9
11 180
89
22
6 9
tf u
Eos in o p h ils  . A marked e o s iîio p h ilia  was p re sen t In  10 blood samp lea  
from the  m u lt lc e n tr ic  case , number 25394, which showed p e r s i s te n t  ab so lu te  
le u c o c y te s is ,
The I d e n t i f ic a t io n  o f Lvraphoid Q ells  In  the  P e rip h e ra l Blood o f the Bog.
In  th in  w all s ta in e d  blood film s from clogs, which were no t su f fe r in g  
from lymphosarcoma, th e re  was co n sid erab le  v a r ia t io n  in  the  morphology of 
c e l l s  o f the  lymphoid se ries*
The modal c e l l  ty p e s . The sm all lymphocyte was a compact c e l l  s l ig h t ly  
g re a te r  in  d ia ite te r  than  an e ry th ro c y te . I t  had a round o r inden ted  dense 
nucleus in  which chrom atin condensation  was marked. A f in e  rim  o f  p a le  o r 
deep b lue cytoplasm  was p re se n t and in  i t ,  th e re  were o f te n  a few ax u ro p h iliè . 
g ranules p a r t ic u la r ly  in  th a t  p a r t  o f  the  cytoplasm  which was a d jacen t to  
the  n u c lear in d e n ta tio n . The medium lymphocyte was approxim ately 1% tim es 
the  d iam eter o f the red  c e ll*  I t s  nucleus was le s s  dense than  the  sm all 
lymphocyte and the cytoplasm  was more abundant. The nucleus was round, 
inden ted , o r angu lar and the chrom atin was p re se n t in  th ic k  clumps. The 
cytoplasm  v a rie d  in  co lou r from deep blue to  c o lo u r le s s . The l a r ge lymphocyte 
was a c e l l  w ith  a round o r ovoid p r o f i le .  I t  measured up to  3 tim es the 
d iam eter o f an e ry th ro c y te , and i t s  n u c le a r cytoplasm ic r a t i o  was up to  1 : 1 . 
The cytoplasm  was p a le  b lu e , sometimes w ith  a s l ig h t ly  g rey ish  appearance 
and vacuoles were o c ca s io n a lly  p re s e n t, F ine axuroph il g ranu les were ob­
served , but these  were not a co n stan t fe a tu re . The nucleus was round o r 
o v a l/
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ova l and the  n uc lear membrane was d is t in c t*  The pachy chromât in  formed 
f a i r l y  w ell defined  s tra n d s  on a p a le r  background and th is  chrom atin p a r t i a l l y  
obscured any sm all n u c le o li  which were p re se n t. Other c e l l s  s im ila r  in  e ls e  
to  the  la rg e  lymphocytes were a ls o  found. T heir cytoplasm  was in d is tin g u ish a b le  
from th a t  o f the  la rg e  ly it ip h o c y te sb u t th e re  was marked lo b u la tio n  o f the 
nuclei* These la rg e  lobu la te d  lym?>hoeytes had n u c le i which were U-shaped 
and b ilo b ed . Many o f them had a c lo v e r le a f  p a tte rn . Xn some th e re  was 
evidence o f n u c lear and cytoplasm ic v a cu o la tio n , but th e re  were s u f f ic ie n t  
numbers o f those c e l l s  w ith  good morphology to  accep t them as re p re se n ta tiv e  
c e l l s ,  and no t as a r te f a c ts .  T heir n u c lea r chrom atin was u su a lly  f in e r  In  
te x tu re  than  the non-lobu la ted  la rg e  lymphocytes and n u c le o li  were rare* F ig .33.
jhh :em ed ia te  ce l l  ty p es* Xn a good blood film  i t  was p o ss ib le  to
id e n t i fy  the  modal c e l ls  w ithou t d i f f i c u l t y ,  bu t th e re  was so much v a r ia t io n  
in  c e l l  morphology th a t  every p o ss ib le  In te rm ed ia te  form could foe observed* 
ï'îany sm all and medium lymphocytes were found to  have marked n uc lear in d e n ta tio n  
which gave the  appearance o f lo b u la tio n  and the  cytoplasm  o f th ese  c e l l s  was 
o ften  deep b lu e . The cytoplasm ic n u c lea r r a t i o  o f the medium lymphocyte 
v a ried  w idely . Some o f these  c e l l s  were c h a ra c te r ise d  by a n u c lea r cy to ­
plasm ic r a t i o  o f approxim ately 1 :1 , They had a deep b a so p h ilic  cytoplasm  
w ith  a  p e rin u c le a r  ha lo  and were assumed to  be c ir c u la t in g  plasma c e l l s .
F in a lly ,  th e re  were c e l l s  p re se n t x^ith a narrow rim  of cytoplasm , bu t w ith  
a nucleus in d is tin g u ish a b le  from th a t  o f the  la rg e  lympîiocyte*
I
/ The term " a ty p ic a l  lymphocyte" should no t foe used to  d esc rib e  every
lymphoid c e l l  which d e v ia te s  from th e  modal types.
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E ffe te  lymphoid c e l l s .  In  film s where the  cytology was o therw ise 
e x c e l le n t , c e l lo  were observed which appeared to  be s e n ile  o r d is ru p ted  
lyaxphocytes * Three forms encountered. The f i r s t  type was approxim ately
1% - 2 tim es the  red  c e l l  d iam eter. I t s  nucleus was compressed c e n tra l ly  
leav ing  a pal© a rea  surrounded by n u c lear remnants xAich were m arginated 
on the c e l l  membrane, The second type was a c e l l  devoid o f cytoplasm or 
a nuc lear membrane* This gave the  edge o f  the  naked nucleus a ragged o u t­
l in e ,  I t  x^ ae oval o r rounds p a le  p ink  in  colour^ w ith  no d i s t in c t  chrom atin 
p a tte rn . %n c a l l s  o f th is  type a prom inent nucleo lus was observed in  some 
in s ta n c e s . The th ir d  type was 3 ^ 4 tim es the red  c e l l  d iam eter. I t  x-jas 
found most o fte n  In  th e  p o s te r io r  se c tio n  o f the  body of the  film  and was 
composed of a lo o se ly  arranged sk e in  o f p ink  # r b a so p h ilic  f i b r i l s ,
The lym phoblast. This c e l l  was only very  o ccasio n a lly  observed in  non- 
leukaemic film s and so to  e s ta b l is h  c r i t e r i a  fo r i t s  id e n t i f ic a t io n s  im prin t 
smears from lymph nodes were prepared  and examined, Nodes from h ea lth y  dogs 
and those a ffe c te d  w ith lynphosarcoraa were used.
Lymphoblasts xmre la rg e  c e l l s  a t  le a s t  tw ice the diam eter o f an e ry th ro ­
cy te . They had round@ Inden ted , or angular n u c le i which occupied most o f 
the  c e l l  leav ing  a narrox? rim  o f b lue cytoplasm  which was devoid o f g ran u la tio n . 
A p e rin u c le a r  halo  was p re se n t in  a m ino rity  o f  these  c e l l s .  The nuc lear 
membrane was xfell defined  and th e re  was e a r ly  condensation o f the  chrom atin 
to  form a f in e  s tip p le d  network. This was much p a le r  in  co lour than  in  
lymphocytes o f the  same s i s e .  One o r more n u c le o li  x^ere c o n s ta n tly  found*
These were large^ proBiinent and ou tlined^  bu t never obscured by chrom atin.
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C y to lo g ica l v a r ia t io n s  due to  f ilm  depth , The morphology o f c e l l s  in  
a film  was governed to  some e x te n t , by d if fe re n c e s  in  film  th ic k n e ss . In  a 
th ick s crowded a rea  o f a film s n u c le i o f m ature n e u tro p h ils  were dense » 
compressed and dark  b lue to  b lack  in  co lo u r. S im ila r c e l l s  in  a th in  p a r t
were much la rg e r  in  d iam eter; th e i r  n u c le i xmre much p a le r  and d isp layed
chrom atin olixmps, D iffe ren ces xmre a ls o  observed amongst lymphocytes in  
th ic k  and th in  a reas  o f such film s*
These o b se rv a tio n s u n d erlin e  the  need to  s ta n d a rd ise  the methods o f 
p rep a rin g  blood film s fo r com parative s tu d ie s .
Lymphoid c e l l  d i s t r ib u t io n  in  a blood f i lm , A d i f f e r e n t i a l  lymphocyte 
count x^as n o t attem pted  u n t i l  the  film  was f i r s t  scanned to  ensure  th a t  
c e l l  d i s t r ib u t io n  xms not g ro ss ly  abnormal. There was o f te n  a  tendency fo r 
the la rg e  lo b u la ted  and the  e f f e te  c e l l s  to  congregate near the  edges and
t a i l s  o f the  film . F a ilu re  to  check th is  could r e s u l t  in  q u ite  in ac cu ra te
co u n ts .
The incidence  o f  Xeul^emia, The term  leukaemia xfas defined  as  an 
ab so lu te  lym phocytosis g re a te r  than  30^OQO/cutiffin*  ^ i r r e s p e c t iv e  o f  thé  
types o f c i r c u la t in g  lymphoid c e lls ,,  i , e ,  bo th  the  so -c a lle d  acu te  and chronic  
forms of frank  leitoem ia,, o r as th e  presence  o f  c ir c u la t in g  lym phoblasts with 
an ab so lu te  lymphocyte count o f le s s  than  30^000/cu.mm,» i , e ,  subleukaem ia.
Leukaemia xm,s observed in  13 dogs, bu t c le a r  haem ato log ical evidence 
was found only in  16 o f the t o t a l  o f 56 blood samples from th ese  animals^
Table 29, The ab so lu te  lym phoblast count ranged from 300/cu.mm. to  j u s t  
over 5 5000/ cu.mm.
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TABLE3 9
he "Type", g f Leukaemia Observed In  Dogs w ith  lyzmhosarcmia.
Leukaeîîliai "Acute" ;■ ■.miW n, i i w  . mil* . .
Number o f  dogs 
Leukaemia blood 8ample a 
T o ta l blood samples
M î^lticen tric Alimentary
£)Ub leukaemia s
Huîlibéîf o f dogs 
Leükaemic blood samples 
T o ta l blood samples
4
2
Leukaemics "Chronic"—    ■■   - *' - ■ -
Number o f clogs 
Leulcaemic blood samples 
T o ta l blood samples
8
37
X u 4
Thus s approxim ately 88% o f the  dogs which were sub jec ted  to  haemato- 
lo g ic a l  exam inations xvere never leukaemic accord ing  to  our c r i te r ia *  Leuk­
aemia x^as n e ith e r  conotant nor p ro g ress iv e  and in  6 dogs from which th re e  o r 
more blood saiBples were examined3 only  2 o f  them xmre leukaeraic during  the  
te rm in a l s tag es o f  the  d isease*
The d is t r ib u t io n  o f lyrûphold cm I Is  iii cases o f Xymphooytosis, An 
aleukaemlc ab so lu te  lym phocytosis was freq u en tly  encountered in  dogs w ith  
lyûïphosarcoïïia and a coraparison x^as made o f th e  lysxphold c e l l  types in  dogs 
B uffering  from the m u lt ic e n tr lc  form o f the  d ise a s e , the  a lim en tary  form and 
a lso  a few dogs xdrich p resen ted  lym phocytosis, but x^ere a ffe c te d  w ith  d ise ase s  
o th e r  than  lymphosarcorfla, in c lu d in g  pyometrUp chron ic  I n t e r s t i t i a l  n e p h r i t is  
and carcinoma of the  pancreas. The lymphoid c e l ls  in  th e  blood fil% s were 
c la s s i f i e d  as I )  sa ia ll and medium lymphocytes » 2 ) la rge  non -lobu la ted  
lyBîphocytesy 3) la rg e  lo b u la ted  lymphocytes and 4 ) u n c la s s if ie d  lymphoid c e l l s ,
A t o ta l  o f 43 film s was examined^ Inc lud ing  21 film s from m u ltic e n tr ic  
c a se s 3 16 film s from a lim en tary  cases and 6 from dogs w ith  o th e r  d ise a se s .
The r e s u l t s  a re  shoxm ixt Table 30,
There were no s t a t i s t i c a l  d if fe re n c e s  in  the  d is t r ib u t io n  o f c ir c u la t in g  
lymphoid c e l l s  amongst the th re e  g roups, and i t  was concluded th a t  no c h a ra c te r ­
i s t i c  changes occur in  the  p e r ip h e ra l lymphoid blood c e l l s  o f dogs w ith 
lymphosareoaia xAich have aleukaemic ab so lu te  lym phocytosis.
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TABLE.30
iipiioifi Gel 18me. MIS tr i Dut ion or Gircumt
Lt CaseG of AleultÆiemle Absolute Lvmhocy toe i
M u ltlc e titr ic  ■ 
Lymphoaarcoïïïa
A lim entary
Lymphosarcoma
Ohber
D iseases
Numbere o f  Films 21 16 6
A bsolute
Lymphoeytosis 10,86 ± 6*7 9,67 ± 6 .19 8.7 ± '3 .2 1
i M
i
*{fci
Small and medlmi 
Lyrophooytes 5 .7  ± S .92 6 .0  ± 5 ,44 3 .9  ± 1.41
Large Non-lo b u la ted  
Lymphocytes 1.73 â 7.74 1.41 t  1.10 1.5 ± 1.77
: 8 
i
y<
Large Lobulated 
Lyiapbocytes 1.87 ± 1.79 1.79 ± 0 .99 2 .5  t  1.11
U n c la ss if ie d  
Lymphoid C e lls 0 .55 ± 1.52 0.46  ± 0.495 0 .6  i  0 .53
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BIOCmmCAL EXAMINATIONS OF THE BLOOD,■.w*rs*iyW3atuc-iCtie*e.
Biood Urea E s tim a tio n s .
The r e s u l t s  given in  Table 31 show th a t  54 ou t o f a  t o ta l  o f 182 samples 
gave read lag s o f  60 mg, o f u rea  per 100 ml, o f blood o r more. The e lev a ted  
r e s u l t s  ware from 28 dogs* Table 33 p re se n ts  the anatom ical types involved^ 
to g e th e r xiyith the  gross appearance o f the  kidneys a t  the post-mortem exam- 
in a t iq n . S ix teen  o f these  dogs were found to  have kidneys which were no t 
m acroscopicaIly  abnormal and th re e  anim als in  th i s  group had blood u rea  le v e ls  
g re a te r  than  200 mg* /100 ml*
These r e s u l t s  may in d ic a te  th a t  e x tra - re n a l  uraemia was p re sen t In  
cmctaiii cases o f lympliosarcoma o f the  dog*
T o ta l Plasma P ro te in  E stim ations.*
The r e s u l t s  o f 129 exam inations of blood from dogs w ith  lymphosarcoma 
are  given in  Table 32* Approxim ately 40% of th e  e s tim atio n s were lower than 
normal and 3 samples from dogs w ith  the  a lim en tary  form o f the  d isease  gave 
read ings o f le s s  than  2 gm*/XOO ml*
In  alm ost every case where M ultip le  smaples were taken du ring  the  course 
o f the  diseasep  the  d ec lin e  in  the  plasma p ro te in  le v e ls  was progressive*
The A/ 6  R a tio s ,
The distx*ibutlon  of the  A/6  r a t io s  in  dogs w ith  lymphosarcoma la  pre« 
sen ted  in  Table 34* The normal range was taken  as 0*6 to  1,2 and th i s  was 
observed in  49 o f  the 104 e s tim a tio n s . E igh t were h igher than 1,2 and the 
o th e r  47 r e s u l t s  were lower than  ïiormal.
A  u  Y
Blood Urea E etim ationa .
ta iu  Mge/lOO .ml* blood
<10 10# 30- 60 - 90- 120- 150# 180- 2104' T o ta l No, o f dogs
M u ltico ïitrlc 43 25 13 6 7 1 2 2 99 43
Alim entary 1 26 28 10 9 2 76 43
A berrant 4 l 1 1 7 3
T o ta l 1 73 54 24 16 ? 1 2 4 182 89
TABLE 3  2  
T o ta l Flasiim P ro te in  E stim a tio n s . 
F ro ta in  in  G/XOOml* o f plasma
2 - 3# 4 - 5# 6« 7- 8 - SH* T o ta l No, o f dogs
H u lt ic e n tr ic 0 6 14 29 11 7 67 39
Alim entary 5 9 13 19 7 3 1 57 36
A berrant type 2 3 5 3
T ota l 5 17 30 48 18 10 1 129 78
TABLE 3  3
The M acroscopical Appearance o f Kidneys from 28 Bogs w ith  
Lymphosarcoma whose Blood Urea le v e ls  Rose Above. 60mg/X00 ml*
ïiosions o f 
lymphosarcoma
.'!**• fi*KH KiflUS’. #HkWWUj|K;f
Lesions o f Ho gross 
n e p h r i t is  abnorm ality  T o ta l 
observed
M u 'iticen trlc 16
A lim entary 8 11
A berrant type
T ota l 16 28
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flaem a  Albumen and Flasma G lobulin L evels,
Tables 35 and 36 show the t o t a l  albumen and t o ta l  g lo b u lin  le v e ls  
re s p e c tiv e ly  o f the plasma or serum x-îhioh were derived  from the A/G r a t io  
and t o t a l  plasma p ro te in  e s tim a tio n  o f 104 blood samples from 70 dogs w ith 
lymphosarcoma. The fib rin o g e n , which i s  a sso c ia te d  w ith  the  g lo b u lin  f r a c t io n  
In the plasma.V io sm all enough to  be Ignored,
Nearly 50% o f  the  albumen le v e ls  were lower than the  range accepted as 
normal a t  th i s  h o s p i ta l ,  2 - 3 . 9  G/100ml* 93% of the g lo b u lin  e s tim atio n s
were w ith in  the normal range o f 2 -  4 .9  G/lOOml.
From t h i s ,  i t  was concluded th a t  the  decrease  In  the t o t a l  p ro te in  o f 
the blood was due to  a  f a l l  in  albumen co n cen tra tio n  w h ils t the g lo b u lin  
f r a c t io n  remained r e l a t iv e ly  s ta b le .
The r e s u l t s  o f the  a lk a lin e  phosphate e s tim a tio n s  a re  p resen ted  in  Table 
37. The upper l im its  o f normal fo r the  dog were taken as 15 to  20 King 
Armstrong u n i ts .
Almost 34% o f a l l  the blood samples gave an abnorm ally high r e s u l t ,  
in c lu d in g  n e a rly  41% o f those from m ulfcieentric  cases and 21% of the  samples 
from dogs w ith  the  a lim en tary  form o f the d ise a se .
The Sei'.*um Transam inases,
Tables 38 and 39 show the S.G .F.T . and S.G.O.T. read ings re s p e c tiv e ly  
from 24 doge w ith  lymphosarcoma. The normal va lues were taken as < 4 0  S .F . 
u n i ts  fo r S .G .P.T . and < 40 8 .F . u n i ts  fo r S .G .O /f.
TABÎS. 3 .5
1 1 1
<i 1-
Serum.
2 -
..A Ibumen. lav e  X a * 
r/1 0 0  ml*
. 3 # 4 -  5- 6# 7*î"
S s m
s 16 31 7 2 , 61 37
Alim entary 5 20 13 3 41 31
A berrant ty p e 1 1 2 2
T otal 11 37 44 10 2 im 70
Serum G lobulin  L evels,
œ d ü s a j a i - Doga
< l 1- 2— 3# 4 — 5— 6- 74*
HuXfcicentric 1 18 32 9 1 61 37
A lim entary 4 11 20 5 1 41 31
A berrant ty p e 2 2 2
T o ta l 5 31 52 14 1 1 1(X^ 70
l i a
TABLE 3  7
AXlcaXine Fhoephafcase l a v e l s i
K.A. ü n itû
<  20 20- 40— 60 - 80- loa^ T o ta l No, o f do go
MultlcfâïitriG 36 9 4 3 5 4 61 37
Alim entary 42 4 2 2 l 2 53 32
A berrant ty p e 1 1 2 4 3
T o ta l 78 14 6 6 6 8 118 72
JL ± a
8 .G .P .T . levelB  in  Dogs, B uffering  from Lymphoaarcoma,
<  40 40- 50-
S.F*
70- 80- lo o t T o ta l No, o f cloga
M u ltie e iitric  
A lim entary 
A berrant type 
t o t a l
17 2
13 X
30 3 2
21
16
0
37
14
24
TABLE 3  9
<  40 40*
8 .F ,
60- 70- 80- 90- 100- T o ta l Ho* o f  doge
Mult loen t r i o  
Alim entary 
A berrant type 
t o t a l
13 3 2
13
26 3 2
21
16
14
10
1 1 37 2 4
X i 4
ISldod Billrubl);!*
The r e s u l t s  o f  3.05 e s tim a tio n s  o f the  t o t a l  b i l i r u b in  in  the  blood o f 
65 dogs \r ltli  3,ymphosarcoma a re  p resen ted  in  Table 40. Readings xdileh w r e  
0 .7  or le s s  were found In  80% of the  sam ples. The r e s t  .were derived  from 
13 dogs5 th re e  o f which were v is ib ly  a ffe c te d  w ith  jau n d ice . The b i l i r u b in  
le v e ls  In th ese  3 dogs were 2 .6  m*^m/10D m l, o r g re a te r  in  6 o f  the  9 samples 
examined. Of the  10 dogs w ith  r a is e d  t o t a l  b i l i r u b in  le v e ls  9 bu t f re e  from 
c l in i c a l  ja u n d ic e , 2 showed ex tensive  i n f i l t r a t i o n  of the  l iv e r  by tumour 
c e l l s 9 4 showed m oderate in f i l t r a t io n ^  2 I'zere s l ig h t ly  i n f i l t r a t e d  and 2 
o th e rs  were u n a ffec ted .
ÊJSSâSZ’
Abnormal r e s u l t s  in  ro u tin e  biochem ical t e s t s  o f the  blood o f  dogs w ith  
lymphosarcoBia were probably  a r e f le c t io n  o f the  p ro g ress iv e  organ f a i lu r e  
which i s  a sso c ia te d  w ith  th i s  d is e a s e 9 bu t none o f the  t e s t s  had d iag n o s tic  
s ig n if ic a n c e .
R ad io lo g ica l exam inations were c a r r ie d  ou t on 72 dogs which were shox^n 
to  have been s u f fe r in g  from lymphosarcoma a t  post«>mortem exam ination. A 
sumtaary o f these  re p o r ts  i s  given In  Tabî.e 41,
The K°*rây d a ta  r e f le c te d  the  l a t e r  morbid anatom ical f in d in g s ra th e r  
w e ll. In  the  m u ltlc e n tr ic  fo m  of th e  d is e a s e 9 in c reases  in  s i s e  of the 
sp leen  and l iv e r  were r e a d i ly  observed on p la te s  and involvement o f the 
th o ra c ic /
1 1 5
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Smmiary p i  th e  R ad io lo g ica l l e p o r t s .
Lung
B ronchial nodes 
A n te rio r e te rn a ls  
A n te rio r m ediastinum  
Hydrothorax 
Spleen 
L iver
hid#ahdom inal ma*3S 
Snhlimhar nodes 
P ro s ta te  
A sc ites  
Barium meal
i" ve 
0
* ve
G a stric  F.B,
H.A.B,
Hmber o f  dogs 
examined
^ h l t i c e n t r i c  ' AliBiehtary  ^ Ahm^rant T o ta l
4
8
6
3 
I
17
16
4 
7 
1
8
37
a
4
7
7
1
2
9
32
5 
10
6 
7 
4
23
24 
12
7
1
1
1
1
2 
1
17.
72
1 1 7
th o ra c ic  and Intra-abdom inaJ, lymph nodes was o f te n  q u ite  obvious. This was 
a lso  tru e  o f the  o th e r  two forms o f the  d isease  5 except fo r  one In te re s t in g  
d iscrepancy  in  the  re p o r ts  on the. a lim en tary  type* Out o f 32 dogs in  th is  
group 9 only 1 cases x^ere re p o rte d  as having masses in  the  mid'^abdo-men or 
a n te r io r  abdomen^ although  i t  l a t e r  tra n s p ire d  th a t  tumour masses^ e i th e r  
o f the  ga$trO“'in t e s t in a l  t r a c t  o r d rainage  lymph nodes  ^ were a  c o n stan t 
fe a tu re . Such ï^msses vaere r e a d i ly  pa lpab le  in  27 o f the  53 dogs in  the  
a lim en tary  group xdiich x^ere examined c l i n i c a l l y ,
There were not enough ra d io lo g ic a l  exam inations performed fo llow ing a 
barium meal to  determ ine i f  le s io n s  of the  a lim en tary  system could be reg«* 
u la r ly  seen,
Tim cLimcAL F im m G s*
Of the  130 dogs s u f fe r in g  from lymphosarcoma which were autopsied* 113 
had been examined befo re  d ea th  and c l i n i c a l  d a ta  were a v a ila b le ,
TïTHE HlEVAXHHGiS OF LBîFHOSâEGOMA W  DOGS ADMITTED TO Tim HOSPITAL,
Approxim ately 10^000 dogs were adm itted  to  the h o s p ita l  during  the 
in te rv a l  x?hen cases o f lymphosarcoma xmre c o lle c te d  fo r th is  study* Out o f 
th is  t o t a l ,  r a th e r  more than 150 dogs were rep o rted  to  be s u f fe r in g  from 
the  d ise a se , a lthough no t every  case xms confirmed h is to lo g ic a lly *  This 
rep re sen ted  an Incidence o f 1*5% o f admisAionSp Hox-jever, the  co n d itio n  
occurred  in  a d u lt  dogs u su a lly  over 2 years o f age and around 70% of dogs 
adm itted  to  th i s  h o s p ita l  ware in  th is  age group, Table 44, Thus, i f  the  
incidence o f lymphosarcoma was expressed  as a percen tage o f the  a d u lt dogs 
admitted* a conserva tive  e s tim ate  xmuld be 2%,
X I »
BREED IMGIDENOE,
Table 42 p re sen ts  the  d is t r ib u t io n  of 115 cases of the d isease  In  the  
dog in  22 b reeds. The term mongrel xms employed to  describe  t e r r i e r  type 
dogs xiflfcli no recogn iseab le  p ed ig ree , Labrador c rosses a re  popular In  th is  
a rea  and were included as a se p a ra te  group s in ce  2 cases of lymphosarcoma 
were found in  such dogs.
N either Boxers nor S c o ttish  T e r r ie r s  x^ere ov e r-rep resen ted  in  th is
s e r ie s ,  a lthough  the S c o ttish  T e r r ie r  was approaching the 5% le v e l  o f s ig -  
2n lf ic a a c e  -  3 .58 x^ith one degree o f freedom. The Wire H aired Fox T e r r ie r
was the  so le  breed xdrich xms over « rep resen ted  a t  the  5% p ro b a b il i ty  level*
2 K, 4 .41  w ith  one degree o f  freedom.
Of those  breeds xfhich xfere prom inent in  the l i s t  o f adm issions, the
9poodle was u n d er-rep resen ted  a t  the  1% p ro b a b il i ty  l e v e l , ' «* 7.36 w ith 
one degree o f freedom.
t m  S m  XWGOTHCE.
The numbers o f m ales and fem ales in  the group w ith  lymphosarcoma a re  
given in  Table 43 to g e th er w ith  the  sex incidence of a sample o f dogs ad<^  
m it ted  to  the  h o s p i ta l ,  Xt x^ jas assumed, fo r  the purposes o f s t a t i s t i c a l  
a n a ly s is , th a t  those dogs x^hlch had been adm itted  w ithout th e i r  sex being 
recorded were in  a s im ila r  sex  r a t i o  to  those where the  sex was no ted .
In  comj;aring the  sex r a t i o s  o f the  lymphosarcoma group x-yith the adm ission
group* no s ig n if ic a n t  d if fe re n c e s  could be e s ta b lish e d  be Ween th e  tx*?o samples. 
2 « 0.6502 xfith one degree o f  freedom.
TABÏE 4 â
Breed Incidence .
1 1 9
Canine Lvimhosarcoma S e rie s  
MO àlim , Ab^rynaiit T o ta l
Admis8 ions to  H o sp ita l
Jan** June July-*î)ee ^ 
1957 1961
A lsa tia n 5 11 16 37 55 92
Boxer 7 1 a 30 36 66
BulX t e r r i e r a 1 3 7 17 24
C alrn  t e r r i e r 1 * 1 15 25 40
Border c o l l i e 9 13 1 as 58 94 152
Corgi 1 - 1 6 13 19
Fox T err. $* 1 1 2 4 6 10
Fox T err. W.H. l 5 # 6 9 11 20
Itolclen E e tr , V 1 1 2 7 9
Greyhound 2 « 2 15 23 38
I r i s h  S e t te r - 1 «0 1 0 3 3
Labrador 8 3 11 26 44 70
Labrador x IN» 1 1 2 6 20 26
Min.Pin. 1 # 1 0 0 0
Poodle « 1 1 2 26 63 89
S t. Bernard 1 1 0 0 0
S c o ttish  T err. 2 4 6 7 15 22
Bealyham 1 1 2 I 3
Shetland Gol. l 4# 04 1 4 9 13
îanine L'yi\iphoaarqoma S e rie s  
UQ Alim* A%pr.arit T o ta l Jan«"June .1957 1961 ^
S pan iel 2 4 & 33 43 76
West Highland 4 - 1 5 7 16 23
O ther breeds « 4» 38 123 161
M ongrel 8 7 ... 15 . 53 125 178
T o ta l 54 53 a 115 385 749 1134
JL /Q X
TABXE4 3
Sex Incidence*
Lymphos a r  coma 
Survey
Admissions 
Jan -Jun  1957
Admissions 
Jul*Dec 1961
Total* 12 month 
Admission sampte
Hales 72 197 356 553
Females 40 122 248 370
Neutered males 0 1 2 3
Neutered fem ales 1 3 1 4
Sex no t recorded 2 62 142 2(Xt
T ota l 115 385 749 1*134
X a
From th i s ,  i t  could be concluded th a t  tlie incidence of the  d isease  was 
a im ila r In  both sexes.
i m  AGE XNOIBENGE.iw w i# ,# i# m m !"nfm'lhnv#;-wwwMWww^
Tlie age d is t r ib u t io n  o f doge w ith  lymphosarcoma was compared w ith  th a t  
o f a sample o f dogs which had been adm itted  to  the  h o s p ita l  and th e  r e s u l t s  
a re  given in  Table 44*
There was c le a r ly  a h ig h ly  s ig n if ic a n t  d iffe re n c e  between both samples
in  dogs under one year o f age. In  th re e  o th e r age groups, s ig n if ic a n t  d iffer*
ences were found between the  observed and expected Incidences in  the  lympho«
2 **-sarcoma group. In  dogs from 1 « 4 y ears  o f  age yt-b* 29*8 w ith  one degree
o f  freedom; in  those from 5 - 1 1  y e a rs , Do ' -  20>8 w ith  one degree of
2freedom; In  dogs 12 years o f age and upwards X '" -  3 .4  n .s .  w ith  one degree 
o f frstedoia,
From th ese  r e s u l t s ,  i t  would appear th a t  the Incidence of lymphosarcoma
In  the dog a t  th is  h o s p i ta l ,  when compared w ith  a  sample o f adm issions, i s
very low under one year o ld , low between 1 *- 4 y e a rs , r i s e s  very  s te e p ly  in  
the  5 « 11 year group and then d ec lin e s  in  the  o ld e r group. I t  may w ell be 
th a t  th is  w i l l  prove to  be a normal d is t r ib u t io n  which would be d if f e r e n t  
from the  assumed age d is t r ib u t io n  of most m alignant tumours.
THE DURATION OF TEE DISEASE.
The periods o f su rv iv a l fo llow ing  the onse t o f the c l in i c a l  d isease  a re  
given in  Table 45 and th is  in form ation  i s  summarised in  Table 46*
TABIS,4 4
X A a
kge in  years 
Less than  1 
;i«
7«
B—
9w>
10-
11-
12«
13- 
14 «
15i*
Not recorded 
o r unknown
m  Ai,
I
4 2
4
4
7
3
4 
1
a
4
X
1
4
2
a
6
9
4
6
8
0
Ah. t o t a l
1
6
a
10
16
14
15
a
7
I I
7
2
A&aiBslona hnlC yaay 
1957 :1961
T o ta l
4
1
4
27
30
24
17
19
21
16
26
21
12
8
10
2
2
68
170
65
52
54
30
31 
36 
43 
30 
28 
22 
12
8
4
2
159
252
92
82
78
47
50
57
59
56
49
34
20
18
6
4
3
227
T ota l 54 53 8 115 385 749 1,134
1 JJ4
4 SïâBtK
Weeks
1—
2 -
3«
4 -
5-
6 -  
7* 
c#***
11-
12^
13-
14-
15-
16-
17-
18-
19-
20-
The D uration  o f the  Overt D isease in  Weeks,
M u l t lc e n tr ic
3
3
8
6
2
3
2
5
3 
1
4
A lim entary
3
4 
7 
4
12
3
1
2
2
2
2
1
2
1
T ota l
6
9
16
12
15
6
3
4
a
± ^ 5
Weeks M u ltlc e n tr ic A lim entary T o ta l
21 -
22 -
23-
24- 2 2 4
25#
26-
27-
28- 1 Ï 2
30- I I
32- 1 1
52# 1 I
62- I I
tînîumown 5 3 8
T otale 54 S3
X o
TABLE 4 6
Summary of the Data on D uration  o f the  D iaeaae*
D uration  in  Weeks.
Mean Median Modal Range Number o f
M ultlcenfcrle 10 30 3 1-62 49
A lim entary a 15 5 1-30 50
A berrant form 5 6 - 2-1 2 Q
A ll cases B 30 3 1-62 107
X « 7
In  th e  m u ltlc e n tr ic  form, the  expectancy o f l i f e  a f t e r  the  onset o f 
symptoms was 10 weeks on average, but more than  70% (35 dogs) were dead 
w ith in  a s h o r te r  in te rv a l*  J u s t  over 28% (14 dogs) were dead w ith in  1 month 
a f t e r  onset* Three dogs liv e d  longer than  6 months and one o f  these  surv ived  
fo r  j u s t  over 1 year and 2 months.
In  the  a lim en tary  type the  average d u ra tio n  was 8 weeks, and 68% (34 
clogs) succumbed w ith in  th is  in te r v a l  a f t e r  the  i n i t i a l  symptoms developed,
28% (14 dogs) d ied  w ith in  4 weeks o f o n se t. In  the a lim en tary  group on ly  2 
anim als surv ived  for 6 months and none were a liv e  12 months a f t e r  the  onse t of 
the  c l i n i c a l  s ig n s of the disease*
The ab e rran t forai appeared to  show a tren d  very  s im ila r  to  the  a lim en tary
type.
Taking the  d isease  as an e n t i ty  and again  ignoring  cases where the  d u ra tio n  
was unknown, 58 dogs (54% o f the  c ase s) wore dead le s s  than 6  weeks a f t e r  
the  e a r l i e s t  c l i n i c a l  s ig n s had been observed by th e  otm ers. Out o f a t o t a l  
o f 107 doge, 82% had d ied  by the  end o f the  12th week*
An e s tim a tio n  of the  d u ra tio n  o f th is  d isease  cannot be very  accu ra te  
s ince  i t  i s  based p a r t ly  on an om er*s op in ion . However, I f  one accep ts th is  
d i f f i c u l ty ,  i t  i s  s t i l l  obvious th a t  lymphosarcoma in  the dog i s  a d isease  o f 
com paratively  sh o rt d u ra tio n  in  the  m a jo rity  o f in s tan ces  and the  d u ra tio n  i s  
no t markedly d i f f e r e n t  in  the  two main forms o f the  d ise a se .
THE BYNmOmg OF miPHOSARCOMA IN THE BOG.
The c l i n i c a l  re p o r ts  on 115 dogs w ith  lymphosarcoma a re  summarised in  
Table 4 7 /.
X o
TABIS 4 7
SuBivàa: '^ o f the  C l in ic a l  F ea tu res  o f the  Disease..
Number o f eases 
Oaaet;
Sudden 
Gradual 
Hot recorded  
Bodily C ondition 
Obese 
Good 
F a ir
KTiiaciated 
Hot recorded 
Demeanour 
A le rt 
D ull 
Hot recorded 
Fever
P resen t
Absent
U ndulating
M ultlc e n t r i c  
54
18
34
2
3 
10
6
34 
1
14 
38
2
6 
44
4
S3
26
25
2
1
3
2
46
1
7
45
1
A%%madt
a
5
3
5
a
T o ta l
115
49
62
4
4
IS
9
85
51
21
91
3
8
103
4
±  ^î#
Appafcifca
Good
B oor/absent 
V ariab le  
Not recorded 
T h irs t  
Normal 
E xcessive d*
2-f
3 f
Hot recorded  
Ernes i s  
Hone
O ccasional 
Frequent 
Repeated 
Hot recorded  
Faeces
G onstipated  
Hom al 
D iarrhoea :
F lu id  faeces 
Haemorrhagic faeces 
Hot recorded
ï^ îu ltle en trie
16 
33 
3 
2
33 
12
3 
5 
1
36 
18
0 
0 
0
5
2 4
2
5
39
9
22
13
11
7
14
28
7
4
0
2
10
3 5
6
1 
7
2
3
3
1
4
2 
1 
0
T o ta l
22
79
12
2
57
28
17
12
53
48
10
4
8
37
6 1
9
X a u
Abdominal g a ip a tio ii  
Hid-abdoaiinal mass 
Hepatomegaly 
Splenomegaly 
KA.D.
Taahypnoea
Dyspnoea
Cough
Hydrothorax
Mu 1 t io e n tr ic ,
11 
16 
23
18 
15
1 
1
2
P alpab le  s u p e r f ic ia l  
lymph nodes 
g ro ss ly  en larged  49) 
m oderately  en larged  5)
A sc ite s
Oedema
Jaundice
54
1
9
6
T o n sils  -  g ro ss ly  en larged  11
Alim entary
27
6
1
20
5
1
1
2
6
0
1
2
0
1
X
T o ta l
39
23
26
44
Rt .p rescap  only 55
3
10
13
9
11
3
O cular d ischarge  
In filtra tio n  
B ila te r a l  Glaucoma 
Skin Lesions
7
3
1
2
1 3  1
Table 47* Only those syniptonis which had emerged before  th ere  was any evidence 
o f impending death  were ta b u la te d . This was to  ensure th a t  the  c l i n i c a l  
d e sc r ip tio n s  were a reasonab le  r e f le c t io n  of the  a c tu a l d isease  and did  no t 
include the  te rm in a l phases , which tend to  be common to  many d ise a se s .
C l in ic a l ly ,  the re c u rr in g  fe a tu re  o f the  m u lt jc e n tr ie  form o f the  d isease  
was the  enlargem ent o f the  main s i t e s  o f  lymphoid t is s u e  throughout the  body. 
S uperflc ie il lymphadenopathy was c o n s ta n tly  p re s e n t,  a ffe c te d  lymph nodes 
being re a d i ly  pa lpab le  and v ary ing  froBi 3 up to  10 tim es th e i r  u su a l s i s e ,
They tended to  be b i la t e r a l l y  sy m m tr ic a l, smooth and p a in le s s  and were w ell 
d e fin ed , f irm , rubbery in  tex tx ire , r e l a t iv e ly  m obile and very  r a r e ly  adherent 
to  the  o v e rly in g  sk in  o r ad jacen t t is s u e s .  An en larged  sp leen  was palpab le  
in  23 o f  the  54 dogs in  th i s  group, This was freq u e n tly  a sso c ia te d  w ith  a 
h eav ily  in f i l t r a t e d ,  l i v e r ,  the  edges o f which could be p a lpa ted  w ell behind 
the  c o s ta l  a rch , T o n s illa r  involvem ent, as judged by n o n -u lc e ra te d , p a le , 
g ro ss ly  en la rged  to n s i ls  proi.ruding from th e i r  c ry p ts , was a fe a tu re  in  only 
20% of the  dogs.
Of the  n o n -sp e c if ic  symptoms, the  modal syndrome was as fo llo w s:-  de­
p re s s io n , em aciation  and a lim en tary  d is tu rb an ces  inc lud ing  poor a p p e tite  and 
d ia rrh o ea  which became p e r s i s te n t  and o c ca s io n a lly  haem orrhagic, T h irs t  was 
abnormal in  a  few case s , bu t th i s  may have been compensatory to  the  emesis 
whicli was never severe , Tachypnoea was observed in  15 dogs.
A h ig h ly  pathognomonic symptom^which was seen in  9 dogs, was subcutaneous 
oedema. This was found on one or more o f the  fo llow ing s i t e s : -  the  hind 
lim bs, the  e x te rn a l g e n i ta l ia ,  under the  lower |iaw and the v e n tra l  a sp ec t of 
the  s te r n a l  reg io n ,
X a %
P a le  mucous membranes were observed on a few o ccasio n s, jaund ice  xms 
noted in  le s s  than  10% o f the  clogs and a g ross "thymic mass" was found in  
one case on ly . I n f i l t r a t i o n  o f the  ey es, sk in  le s io n s  o f lymphosarcoma, 
hydrothorax and a s c i te s  were a lso  ra re  developm ents.
The f u l l  syndrome o f the  a lim en tary  type was much le s s  s p e c if ic  than  
th a t  o f the  g e n era lise d  form* T yp ical fin d in g s were marked d ep ress io n , 
em aciation  and absence o f fev e r . These were a sso c ia te d  w ith  a lim en tary  
d is tu rb a n c e s , e s p e c ia lly  x-jith p e r s i s te n t  d ia rrh o e a  which was p re se n t in  
41 o f the 53 dogs. In  6 o f  the  d ia rrh o e lc  group, the faeces were blood­
s ta in e d . T h irs t  was a lso  r e la te d  to  the  degree o f vom iting which was much 
more marked in  th is  form o f the d ise a se . A f in d in g  o f considerable, impor­
tance was a firm , w ell defined  and p a in le s s  mass in  th e  mid-abdomen. This 
p a lpab le  mass was u su a lly  non-radio-opaque.
Jau n d ice , hydro thorax , a s c i t e s ,  "thym ic m asses" and subcutaneous oedema 
xfere each observed in  le s s  than  5% o f  the  dogs. N either t o n s i l l a r  nor sk in  
le s io n s  xmre found.
The d i s t r ib u t io n  o f lé s io n s  in  the  a lim en tary -m esen teric  a re a  o f cases 
o f the  a lim en tary  form o f lymphosarcoma i s  shoxm in  Table 48. Symptoms X'lhioh 
were a sso c ia te d  w ith  those le s io n s  a re  p resen ted  In  Table 49, A comparison 
x^ ras made be W een the  degrees o f  vom iting and the  type o f d ia rrh o e a  observed 
xAere the m esen teric  node a lone xms a ffe c te d  and a lso  where tumours were 
found along the  c an a l. These r e s u l t s  a re  given in  Table 50, Ho d i s t in c t  
r e la t io n s h ip s  bew eeti symptoms and the  s i t e s  o f the  le s io n s  were found in  
t h i s /
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The D is tr ib u tio n  o f Lesions in  the  A lim entary-m esenterie  Area 
o f 53. C l in ic a l  Gases o f  A lim entary Lymphosarcoma in  th e  Bq^.
m i l  S f « o d e  Duodem i JejUïvum Ileum A sc ites
"A* miii ëii.iiNniw n iMiwiii
53 34 23 25
15% 64% 43% 47% 17% 3,7%
TA BLE 4 9
Alimentary Systems in Relation to the Alimentary l^esions.
le s io n
Qomplex
BoorAppetite Thirst Eiaeais Diarrhoea Abdominal Ho. of î^ feisa Ba Ip  cible dogs
«ew w ffx iTjm e
Stortiach only
Groall Intestine 6 4 4
Colon, rectum & lyiaph nodes
Mesenteric L.M. only 10 9 11
Alimentary system and 
m esen teric  L.H. 30 21 25 27 17 34
Total 48 41 27 53
W # f  MUNWr mMM
Percentage. 90.5 58.5 73.5 77 51 100
1 3 4
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TABm 5 0
Ernes i s  and D iarrhoea A ssocia ted  xi?ith la testlna l-T iieG en teric  
Lésions in  Gasea o f th e  A lim entary form o£ Lymphosarcoma.
B ite s  o f the Lesions,
Me s e n te r ic  lymph 
node alone I n te s t in a l  tim onrs
Number o f Horn 11
Emesis t
O ccasional
Frequent
P e r s is te n t
19
7
4
Faeces
D iarrhoea
Haemorrhagic
d ia rrh o ea
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th i s  in v e s tig a tio n , Hox^ever, in  a sm all number o f  cases where vom iting was 
severe  p r io r  to  the  i n i t i a l  c l i n i c a l  exam ination , the  syndrome was no t un­
l ik e  th a t  which i s  a sso c ia ted  w ith  a  fo re ig n  body in  the  sm all in te s t in e .  
B tenosing o r p e rfo ra tin g  tumours o f the  sm all in te s t in e  wore u su a lly  found 
in  such clogs.
The syndrome o f the  a b e rra n t form o f th e  d isease  was s im ila r  in  many 
re sp e c ts  to  th a t  o f the  a lim en tary  form, although  2 o f the 8 dogs were found 
to  have palpab3.e enlargem ent o f the  sp leen  which i s  an unusual f in d in g  in  
the  a lim en tary  type. In  one c a se , No, 10513, the  p rescap u la r lymph node on ' 
one s id e  only was en larged  and tu m ified , w h ils t  a l l  the  o th e r  s u p e r f ic ia l  
lymph nodes were m acroscopleally  u n a ffe c te d , In  the  r e s t  o f  the  group, 
n e ith e r  s u p e r f ic ia l  lymphadenopathy nor tumours o f the  g a s tro -in fc e s tin a l 
t r a c t  o r m esen teric  node were found befo re  o r a f t e r  death .
tu  none o f the  th ree  forms o f the  d isease  x^as th e re  any s ig n  which could 
be c le a r ly  a t t r ib u te d  to  tumour i n f i l t r a t i o n  o f the  c e n tra l  nervous system .
CLINICAL PHASES DURING TEE DISEASE.
In  the  m u lt ic e n tr ic  ty p e ,th re e  s tag es  were noted in  the  c l i n i c a l  p rog ress 
o f the  d iseaseJ  a prim ary Phase I ,  a  secondary phase I I  and a  t e r t i a r y  o f 
te rm ina l Phase I I I ,
In  Phase I  a dog p resen ted  no symptoms o th e r than  enlargem ent o f the 
s u p e r f ic ia l  lymph nodes w ith , in  c e r ta in  c a se s , hepatosplenoraegaly and to n s i l l a r  
enlargem ent, The dog remained a l e r t ,  f u l ly  a c tiv e  and re ta in e d  i t s  a p p e tite  
du ring /
1 3 ?
during  th i s  period* Indeed, th e  genera l co n d itio n  o f the  anim al b e lie d  the  
very  se rio u s  n a tu re  o f the  d isease* I t  xme understandable  th a t  an owner 
would no t r e a d i ly  accep t an op in ion  th a t  the  l i f e  o f the  dog a t  th a t  moment 
xms a lread y  measureah3.e in  weeks, o r the d a ta  which showed th a t  n e a rly  5 
o u t o f  6 anim als d ie  o r have to  be destroyed  w ith in  3 months o f  the  i n i t i a l  
c l i n i c a l  exam ination and th a t  alm ost 40% o f dogs d ie  4 x^aeks or le s s  a f t e r  
the  d isease  i s  f i r s t  recogn ised ,
Phase I I  emerged p ro g re ss iv e ly  as a syndrome which x?as c h a ra c te r is e d  
by steady  lo ss  in  bo d ily  co n d itio n  a sso c ia te d  wtth m ild a lim en tary  d is tu rb a n c e s .
The te rm in a l Phase III xjas u su a lly  sudden in  onse t and was accompanied 
by marked d e p re ss io n , em aciation , inappe tance , xAich was folloxjed by dehydra tion , 
s igns o f toxaem ia, c ir c u la to ry  f a i lu r e  and death .
I r re s p e c tiv e  o f the  s tag e  a t  which the  d ise a se  X7aa f i r s t  diagnosed th e re  
xms seldom any ap p rec iab le  in c re a se  in  a is e  o f  a ffe c te d  nodes or sp leen  
throughout the  d ise a se . In  th re e  c a se s , however, th e re  was undoubtedly 
ex ten sio n  of th e  turaour p rocess du ring  the  p e rio d  over x^hich c l i n i c a l  oh# 
se rv a tio n s  were made, In  case number 12998 an en larged  s u p e r f ic ia l  in g u in a l 
lymph node xvas found a t  the  time o f a s u rg ic a l  in te rv e n tio n  fo r  pyometra.
This node was removed and on h is to lo g ic a l  exam ination proved to  be 3.ympho- 
sarcom atous, Regular n eg a tiv e  c l i n i c a l  exam inations xmre c a r r ie d  out sub­
seq u en tly  on th i s  p a t ie n t  fo r  some m onths, a f t e r  xAich, s u p e r f ic ia l  lympha­
denopathy developed# This becaiBe a ty p ic a l  case o f  the m u lt ic e n tr lc  type*
In  case number 23913, splenomegaly xms the  i n i t i a l  d iag n o sis  and th e re  was, 
a t /
a t  th a t  tim e, no enlargem ent o f  the  s u p e r f ic ia l  lymph nodeo,. These beemie 
g ro ss ly  involved approxim ately 3 -  4 xmeks a f t e r  splenectom y. In  case number 
25394, gross enlargem ent o f the. p re sca p u la r  lymph nodes and m oderate e n la rg e ­
ment o f the  o th e r  s u p e r f ic ia l  nodes developed suddenly about 4 months fo llow ing  
splenectom y, Frequent c l i n i c a l  exam inations were c a r r ie d  out In  the  i n t e r ­
vening p e rio d  and these  x?ere n e g a tiv e .
From the  c l i n i c a l  r e p o r ts ,  i t  appeared th a t  the  d u ra tio n  o f the  v su lti-  
c e n tr ic  type o f the  d isease  was r e la te d  to  the  len g th  o f  time th a t  Phase I  
p e r s is te d .  Once Phase I I  supervened, the  te rm in a l phase was imminent and 
th is  f in a l  s tag e  was u su a lly  f a t a l  X’j.ith in  7 days o f  o n se t. These d i s t in c t  
phases were n o t c h a r a c te r i s t ic  o f every c a se , fo r  the  f i r s t  s ig n s  o f d ise a se  
observed by the  oxmer might c o -in c id e  w ith  the  onse t o f Phase I I  o r  Phase I I I .
. U nlike the m u lt ic e n tr lc  form, no d e f in i te  c l i n i c a l  phases %mve found in  
the  a lim en tary  type* In  many in s tan c es  the. f u l l  syndrome ushered iu  th e  f i r s t  
c l i n i c a l  m a n ife s ta tio n  of the  d ise a se . However, o th e f  cases were amch more 
gradual in  development and they  p resen ted  a  p a t te r n  o f p e r s i s te n t  a lim en tary  
d is tu rb an ces  x^ith p ro g ress iv e  l.oss in  bo d ily  c o n d itio n , the  cause o f x-^hich 
was obscure at; f i r s t .  E v en tu a lly , the  lo ss  o f c o n d itio n , the  p e r s i s te n t  
d ia rrh o ea  and the  presence o f a  p a lpab le  mid-abclomlnal mass lead  to  a  te n ta t iv e  
d iagnosis  o f m alignant d ise a se .
In  the  m u lt ic e n tr lc  ty p e , the  te n ta t iv e  d ia g n o s tic  m arkers were b i l a t e r a l l y  
sym m etrical, p a in le s s ,  s u p e r f ic ia l  lymphadenopathy p lus hepatosplenoinegaly w ith , 
oecas io n a l iy , /
X il  »
o ccasio n a lly ^  g&oss non^nlce$rative p a le  to n s i l s  and subcutaneous oedema in  
an adult; dog* Ih ia  d lagnoals could be eo n fto ied  by h is to lo g ic a l  exam ination 
o f an en larged  s u p e r f ic ia l  node#
In  reach in g  a te n ta t iv e  d iag n o sis  o f a lim en tary  lyiiaphosarcoma two fa c to rs  
were im portant# F i r s t l y ,  the  a s s o c ia t io n  o f p ro g ress iv e  lo ss  in  bod ily  eon^ 
d i t  Io n , p e r s i s ta n t  d ia rrh o ea  and a firm  mass p a lp ab le  in  th e  mid-abdoraen w ith  
lymphosarcoma of th is  p a r t i c u la r  type and secondly , the r e l a t iv e ly  very  high  
incidence o f lymphosarcoma as opposed to  o th e r m alignant co n d itian s  a f fe c t in g  
the  g a s t r o ^ i t i te s t in a la t r a c t  o f  the  dog* Exploratory laparotom y was the so le  
means o f Id e n tify in g  the  d ise ase  and a biopsy o f a mural tumour o r a ffe c te d  
m esen teric  node perm itted  d e f in i te  h is to lo g ic a l  confirm ation#
D iagnosis o f the  a b e rra n t form was com paratively  sim ple where gross
splenomegaly was p re se n t and typ ;lcal 'iyarphosar'coma changes o f  the  sp leen  could
be observed a t  laparotomy# However, a f in a l  p o s i t iv e  d iag n o sis  had to aw ait
post-!*mort0m exam ination where th i s  fe a tu re  was absent# oiJjmM, km mmowGtQkh miATiommps#G&ZMicAh km immwGtGk'L mu^ tiomvnm.
Tîae d u ra tio n  o f the  o v e rt d ise a se  in  115 dogs was compared w ith  the  
proposed anatom ical forms of Xyiîîphosarcoma, w ith  the  dominant tumour c e l l  
types and w ith sex# The r e s u l t s  a re  g iven in  Table 51» S im ila r ly , the  ages 
o f the  dogs were compared w ith  the  anatom ical form s, the  dominant tumour c e l l  
types and the sex , Table 52» F in a l ly ,  the  ages o f the dogs were compared 
w ith  the d u ra tio n  o f the  c l i n i c a l  d ise a se  and these  r e s u l t s  a re  shown In  Table 53,
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Ho c o rre la t io n s  could be e s ta b lis h e d  which might have proved o f va lue  
in  a sse ss in g  the  outcome o f In d iv id u a l cases o f  lyaiphosareama in  th e  whole 
group# In  p a r t i c u la r ,  th e re  was no c o r r e la t io n  between the  dominant tmaour 
c e l l  type and the  d u ra tio n  o f the  c l i n i c a l  d ise a se .
T h irteen  dogs were leukaemic a t  some s tag e  ixi the  course o f  th e  d is e a s e . 
Table 29, Of the  6 atiimaXs which p resen ted  a p e r ip h e ra l  blood p ic tu re  s im ila r  
to  th a t  o f ch ron ic  leukaemia in  man, 3 d ied  w ith in  one month a f t e r  onse t o f 
the  d ise a s e , 2 su rv ived  fo r  between 1 and 2 m onths, and one liv e d  fo r  over 
12 months. In  the  case o f  the  6 subleukaemic dogs, 2 d ied  w ith in  one month,
2 su rv ived  one month, but d ied  soon a fte rw ard s  and the o th e r  2 liv e d  fo r n e a rly  
6 months, The only  anim al which showed a  p e r ip h e ra l blood p ic tu re  comparable 
to  the  acu te  leukaemia o f man succumbed w ith in  4 weeks o f the  s t a r t  ofi the  
I l ln e s s ,
The r e l a t iv e ly  low incidence  o f  fcruelleukaeaiia in  dogs su f fe r in g  from 
lymphosarcoma!, approxim ately  13% o f th e  e n t i r e  group and the  v a r ia t io n  in  
the  d u ra tio n  o f the  d isease  i r r e s p e c t iv e  o f  th e  p e r ip h e ra l blood p ic tu re  in* 
dicafced th a t  terms aueh as a c u te , sub -acu te  and ch ron ic  had no u se fu l c l i n i c a l  
meaning In  iymphosarcorna in  t h i s  sp e c ie s ,
0ISG0BSOT,
The aims o f th i s  surveys,x>tee to  d e sc rib e  and c la s s i f y  the lymphoid 
tumours which have been commonly observed a t  t h i s  h o sp ita l*  These appeared 
to  form a r e l a t iv e ly  d i s t in c t  s in g le  d ise ase  e n t i ty  which was in  c o n tra s t  to  
the  complex as observed in  man* Other haemopoiefclc tumours, a lthough  found 
in  the  dog, were com paratively  r a r e .
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l a  130 confirm ed caees l a  do go. I t  was p o ss ib le  to  d is t ia g a ls 'h  th ree  
forms o f the  d ise ase  which were based on th e  d l s t r lb a t io n  o f the  gross 
le s io n s  iu  the  body, They comprised a  m u lt ic e a tr ic  type y aa a lim en tary  type 
and a so-^called a b e rran t ty p e ,
The f i r s t  tx-jo x<rere ec|nal3;y rep re se n te d  in  the  p resen t s e r ie s  and accounted 
fo r  approxim ately 94% o f  the  cases*
Tîiere were s tro n g  c l i n i c a l  reasons fo r  adopting  Buch a c la s s i f i c a t io n ,  
fo r  each o f th e  txm inajor forms o f the  d ise a se  was a sso c ia te d  Xiiith a  r e l a t iv e ly  
d i s t in c t  c l i n i c a l  syndrome* These syndromes x^ e^re r e la te d  to  two q u ite  d i f f e r e n t  
groups o f  co n d itio n s which xære o f  im portance in  d i f f e r e n t i a l  d iagnosis#  On 
the  one hand, th e re  xmre those  d ise a se s  xîhich xjere accompanied by enlargem ent 
o f s u p e r f ic ia l  lymph nodes# On the  o th e r  hand, th e re  were co n d itio n s  o f the  
abdomen which could r e s u l t  in  a syndrome s im ila r  to  th a t  o f a lim en tary  lympho» 
sarcoma. The confirm atory  d ia g n o s tic  methods ware a lso  based on th i s  c la s s ­
if ic a tio n *  For example, in  th e  m u lt ic e n tr ic  ty p e , wihere b i l a t e r a l  and synmi* 
e t r i c a l  enlargem ent o f the  s u p e r f ic ia l  lymph nodes xma freq u e n tly  encoun tered , 
d iag n o sis  could be confirmed from a biopsy o f an en larged  s u p e r f ic ia l  lymph 
node. In  the  a lim en tary  form of the  d is e a s e , th e  c l i n i c a l  s ig n s o f te n  
in d ic a te d  the  presence of a  p o ss ib le  abdominal tumour * E xp lo ra to ry  laparotomy 
was necessary  to  e s ta b l is h  a d iag n o sis  in  th i s  t-ype * An o b se rv a tio n  in  th is  
study  o f in te re s t, to  su rgeons, was th a t  in  87% o f  doge w ith  a lim en tary  lympho­
sarcoma, th e re  was gross tumour involvem ent o f  the  m esen teric  lymph node.
S ing le  o r m u ltip le  tumours o f the  stomach o r in te s t in e s  were found in  the  
rem ainder */
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rem ainder, Thus, one o f tx^o sim ple d ia g n o s tic  techniques could have lead to  
a d iagnosis  o f a l l  cases o f m ultlcen .tr ic  and a lim en tary  forms of th is  d isease  
in  the  p re se n t se rie s*
In  the  r a r e  form o f lymphosarcomi, the s o -c a lle d  a b e rra n t ty p e , th e re  
were le s io n s  In  the  l iv e r  In  7 o f  the  8 dogs# Three o f the  cases a lso  p resen ted  
ty p ic a l  lymphosarcomatoiîs changes in  th e  sp le en , and the  kidneys xfere h eav ily  
i n f i l t r a t e d  in  4 o f th e  anim als * Although th is  p a r t ic u la r  form o f the  d isease  
i s  much more d i f f i c u l t  to  diagnose from the  symptoms shorn , an ex p lo ra to ry  
laparotomy x^ould have proved v a lu ab le  in  d iagnosis#
The r e s u l t s  o f th e  study  a re  in  c o n tra s t  to  e a r l i e r  c lin ic o -p a th o lo g ic a l  
re p o r ts  by Bloom and Meyer (1945)? Xnnes e t  a l  (1946)5 Jennings (1953)?
(II r f a n  (19.61) and Backgrent (1965), where the  g en era lised  form o f the  d isease  
alone was described# Both I r f a n  (1961b) and Meier (1957) recogn ised  th a t  
th e re  w ere to th er lymphoid tumours in  th is  sp ec ie s  which could no t be included 
in  the g e n e ra lise d  form, bu t they  re fu sed  to  accep t th a t  these  o th e r forms 
xære d e f in i te ly  p a r t  o f a s in g le  complex. I t  may x\fell have been th a t  the  
c r i t e r i a  which were used in  e a r l i e r  s tu d ie s  to  s e le c t  cases included super­
f i c i a l  lymphadenopathy* This would hmve lead  to  the  exclu sion  o f th e  alim* 
e n ta ry  and a b e rran t forms which have been recogn ised  in  th e  p re s e n t survey* 
Support fo r  th i s  opin ion  i s  gained from th e  e s s e n t ia l ly  p a th o lo g ic a l surveys 
o f  tumours by C otchin (1954) and Smith (1963)* Both observed a more v a rie d  
le s io n  d i s t r ib u t io n  than  has been rep o rte d  in  th e  c l i n i c a l  papers on lym phatic 
tumours in  the  dog*
X a  t>
From fcho âtriüt'ly clinical viewpointthe. multlcontric type as daooribad 
in this thceis was identical to tho disease found by Bloom and Mayor (1945),?
&moo et al (1946) ; Jnuuit%gB (195$); Xrfan (1961b); I&ier (1957) and fikckgsém 
( 1965) . In t h i s  study@ gross anlargamnt of most ol ebe suparfiaiai lymph 
ootloa was very oommnly encountorad artd we -would agree with Eutyra et al (1949) 
that there is no other disease of the dog which results In bilaterally Bymotvicnl 
mi'iargmmit of the superficial lymph nodos# Iu some dags, .the gross emlarge# 
memt of nottaB was coulEincd to, one or two groups tshieh wore again h.ilaterally 
eymmobrioal. Xn a small number with tho multlcemtrle form of the disease, 
the Eodes ware all. just moderately enlarged* In ouâh cases, it: tma &haorveâ 
that nodes which are not ordinarily readily palpable^ euoh ae the oaxi liar yea 
and superficial Inguinale, ware enlarged, palpable and bilaterally a#metrical#
If this was found in  a s s o c ia t io n  with am enlarged apleea, a tentative diagnosis 
o f  lytiaphoearcoma was justified*
t !The three phaoes of the dlaoaae# as recently reported by Baekgrem ( 1965) 
waro also observed, à preclinleal phaee muot occur and It is  thin phase of
the dloeaee which presently defies diagmosia*
lymphosarcoma, of the gaatro'^intestinal*lymphatic complex is one of the 
moat important causas of a non^ radio'^ o^paqua ma.sa iu the mid*abdm%en of eru’ 
adult or aged dog, It would also appear to he the moat common malignant 
tumour of the inteetinon found in doge which- are admitted to thin hospital; 
àn observation which is in agreement with Ootobin'a survey (1954), tn 50% 
of the dogs with the alimentary form of the dioeaae, a mass was readily 
palpable in the f.c%id^ abdmen during routine clinical ouamioationa and this ia 
believed to be a significant diagnostic marlter*
X a  7
H is to lo g ic a l fe a tu re s  were common to  a l l  th re e  types o f the  d ise ase  
1b the  p re se n t study and ra re  excep tions were assimied to  be b io lo g ic a l 
v a ria tio n s#  The form al:!m  o f d is c re te  tumours as w ell as w idespread in ­
f i l t r a t i o n  o f t is s u e s  by ttmiour c e l l s  was observed sim ultaneously* T herefore, 
the h is to lo g ic a l  d i s t in c t io n  between lyiapha^lc leukaemia and lyixphosarcoma, 
as rep o rted  in  man by Robbins (1962) and in  the  dog by Squire (1965)g was 
no t observed# The major le s io n s  o f lymphosarcoma o f the dog* p a r t ic u la r ly  
on the  former s i t e s  o f lymphoid tissu e*  were composed o f sh ee ts  of l;yraphoid 
c e l ls  which were h igh ly  invasive  and i n f i l t r a t i v e  in  c h a ra c te r . Tumour c e l l  
types v a rie d  from vdry immature stem c e l ls  to  mature lymphocytes and they  
were no t r e la te d  to  any p a r t ic u la r  anatom ical form o f the  d is e a s e * More 
than  one tumour c e l l  type was o f te n  observed in  le s io n s  and i t  was no t always 
p o ss ib le  to  determ ine a s in g le  predomiimmt tumour c e l l  type as claim ed by 
Squire (1965)# Timour c e l l  types a lso  v a rie d  from one reg ion  o f th e  body 
to  another» However* i f  two main c e l l  types ware recognised* an **Immature 
c e l l  group'’ and a "mixed or mature c e l l  group*" then  the  tumour c e l l  pop­
u la t io n  o f  a ffe c te d  lymph nodes d id  r e f l e c t  the genera l tumour c e l l  pop­
u la t io n  in  the g re a t m a jo rity  o f case s . A c lo se  re la tio n s h ip  e x is te d  between 
the  r a te  o f m ito s is  and the  degree o f d if f e v e n tia t io n  o f the  tumour c e l ls ?  
the  more immature c e l l  sh ee ts  dem onstrated a h ig h er r a te  o f m ito s is  when 
compared to  more mature c e l l  sh e e ts .
Too much emphasis on tumour c e l l  morphology may w ell be m isplaced .
Squire (1965) had l i t t l e ,  support fo r  h ie  sp e c u la tio n  th a t  th e  p re c ise  
id en t i f  i c a t  io n /
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id e n t i f i c a t io n  o f a tumour c e l l  type might be o f va lue  because each cy to - 
lo g ic a l  form m ight be found to  have a  s p e c if ic  causa l agent# In  experim ental 
oncology in  mice* i t  Is  now w ell e s ta b lis h e d  th a t  aome v iru se s  may cause 
tirmours o f q u ite  d i f f e r e n t  h is to lo g ic a l  character#  The o u ts tan d in g  example 
i s  the  polyoma v iru s  * Gross (1961)#
I t  i s  h ig h ly  doub tfu l i f  im prin t smears* as advocated by Bloom and 
Meyer (1945) and la t e r  by Squire  (1965)* have any major advantages over w all 
made h is to lo g ic a l  sec tions#  Even i f  the id e n t i f i c a t io n  o f the  dominant 
tumour c e l l  can be more re a d i ly  made by th i s  technique* im prin ts  cannot be 
used as a s u b s t i tu te  fo r  h is to lo g ic a l  sections#
In  the  c u rre n t survey* i t  was seldom found p o ss ib le  to  d i f f e r e n t i a t e  
in d iv id u a l lymphoid tumour c e l l s  from normal lymphoid c e l l s  and the id e n t i ­
f ic a t io n  o f tumour c e l l s  was based on the  h is to lo g ic a l  fe a tu re s  o f the  tumour 
t is su e *  as X'/ell as o th e r  c e l lu l a r  c h a r a c te r i s t ic s  such as invasiveness * 
d e s tru c tiv e  tendencies and the  r a t e  o f m itosis#
P o s itiv e  d iag n o sis  o f the  d ise a se  was made from h is to lo g ic a l  f in d in g s #
Up to  th e  p re se n t time* d e ta i le d  s tu d ie s  o f a ffe c te d  t is s u e s  have n o t been 
p u b lish ed , The'refore* c r i t e r i a  were e s ta b l is h e d  fo r  the  h is to lo g ic a l  d iagnosis  
o f lymphosarcoma in  lymph nodes and a lim en tary  system* The h lsfco log ica l 
s e c tio n s  were clexlved from cases post-m ortem  in  most Instances*  bu t th e re  
were no reasons to  su spec t th a t  the  conelu s lono could no t be ap p lied  to  
b iopsy sections#
D espite  the  fa c ts  th a t  the  h is to lo g ic a l  c h a r a c te r i s t ic s  o f t h i s  d ise a se  
a re  o u tstan d in g  and a la rg e  number o f d e ta ile d  post-m ortem  exaiainatlons were 
c a r r ie d  out* very  l i t t l e  in fo rm ation  was gained from the study  on the  pa tho ­
genesis o f the  disease* Whether t h i s  c o n d itio n  a r is e s  oxi a s in g le  s i t e  and 
then  spreads by m étas tasés o r e ls e  develops siiau ltatieously  in  many c e n tre s  
rem ains s]>eculative» There i s  no p o in t in  adding to  sp e cu la tio n  a t  the  p re se n t 
time* s in ce  i t  i s  u n lik e ly  th a t  the  pa thogenesis  w i l l  be f u l ly  understood 
u n t i l  the  co n d itio n  can be reproduced experima'Atally* o r  techn iques a re  de­
v ised  to  enable i t s  re c o g n itio n  a t  an e a r ly  s u b -c l ln ic a l  phase.
Blood exam inations had l i t t l e  d ia g n o s tic  va lue  in  lymphosarcoma o f the  
dog. True leuM em ia was seldom an o u ts tan d in g  fe a tu re  and the leucocyte  
p ic tu re  o f the  p e r ip h e ra l blood v a rie d  enorm ously5 H eutrophllia*  an ab so lu te  
lymphocytosis* an ab so lu te  leu co cy to s is  and a p e r f e c t ly  normal blood leucocyte  
p ic tu re  were observed# TTiis i s  the  p a t te rn  which has been x^ell documented 
over the  y e a rs . Although lym phocytosis was commdn* the d i s t r ib u t io n  o f the  
lymphoid c e l l  types in  blood film s was n o t s u f f ic ie n t ly  d i f f e r e n t  from o th e r  
d ise ase  s ta te s  to  be of value In  haem  to  lo g ic a l  in v es tig a tio n s#  The anaemia 
which was re g u la r ly  observed was norm ocytlc and normochromic and high  numbers 
o f  e ir c u la t i t ig  norm oblasts were observed* p a r t i c u la r ly  in  the  m u ltic e n tr ic  
forms o f the  d ise ase  when anaemia was p re se n t. Again* th is  phenomenon has 
been observed by e a r l i e r  w orkers,
Hone o f th e  biochem ical t e s t s  on th e  blood were pathognomonic* bu t low 
plasma p ro te in  co n cen tra tio n s  * due to  a decrease  in  the albumen fra c tio n *  were 
found in  a h igh  number o f sam ples.
X o U
R ad io lo g ica l methods were u se fu l to  confirm  the presence o f an en larged  
sp leen  or llve%\ Tumour masses in  the  a n te r io r  mediastinum* en larged  a n te r io r  
s te rn a l  lymph nodes and tumours in  the  p re -p e lv ic  reg io n  o f the  abdomen were 
a lso  re a d i ly  observed on x -ray  p la te s .  However* g ro ss ly  turn!fled m esen teric  
lymph nodes were o f te n  im possible to  f in d  ra d io lo g ic a l ly .
The d u ra tio n  o f lymphosarcoma of the  dog was r e la t iv e ly  sh o rt in  th i s  
se rie s*  averag ing  8 weeks, w ith  a range o f 1 -  62 x^eeks*
Mire Haired Fox T e r r ie r s  xjere o v e r-re p resen ted  and Foodies were under- 
rep re sen ted  in  th is  study  xdien compared w ith  a sample o f dogs which were 
adm itted  to  the h o s p i ta l ,  Boxers were not o v e r-rep resen ted  and S c o ttish  
T e r r ie r s  were almost* bu t no t qu ite*  o v e r-rep resen ted  s t a t i s t i c a l l y .  These 
two breeds have re c e n tly  been rep o rte d  as o v e r-rep resen ted  in  a study h f  
Backgreit o f  dogs w ith  iyxiiphosarcoma in  Sx^eden, The S c o ttish  T e r r ie r  has fo r  
long been assumed to  Shoxf a h igh  ixicidexice. o f the  d isease  In  G reat B rita in *  
but no s t a t i s t i c a l  evidence has been given fo r  th i s  assum ption, Meier (1957) 
observed a  high incidence o f lyinphosarcoma in  some b reed s, bu t regarded  th i s  
as an in d ic a tio n  o f the normal dog p o p u la tio n  In  h is  a re a ,
Ho sex  Incidence was e s ta b lis h e d  in  dogs w ith  lymphosarcoma xlhich x^ere 
adm itted  to  th i s  h o s p i ta l .
The age Incidence may w e ll prove to  have a normal d i s t r ib u t io n  w ith  a 
peak somewhere beW een the  ages o f 5 and 11 y e a rs . This has been observed 
a lso  by Smith (1965) and I s  no t in  accord xfith the  age d i s t r ib u t io n  in  o th e r  
m alignant d ise a se s  where the  incidence  In c reases  xfith in c re a s in g  age.
X o  X
Comparisons -were made in  th i s  study  amongst the  c l in ic a l*  p a th o lo g ic a l 
and liaem atological d a ta  to  t r y  to  e s ta b l is h  c o r re la t io n s  which m ight prove 
o f v a lue  in  p rognosis in  the  in d iv id u a l animal* as has been the  case  In  man.
Ho such r e la t io n s h ip s  could be e s tab lish ed *  except th a t  th e  o n se t o f Fhase 
IXX in  th e  m a l t ic e n tr ie  cases in d ic a te d  th a t  dea th  would fo llow  w ith in  a 
f.ev days.
By d e f in itio n *  the  d ise ase  in  the  dog appeared to  be c lo s e ly  r e la te d  
to  the lymphosarcoma o f Dumb (1954) and to  the  lymphoblastoma and lymphoeytoma 
of G all and M allory (1942). The term  m alignant lymphoma was in troduced  by 
the  l a t t e r  -workers to  embrace a x?ide group o f lymphoid tumours in  man in ­
c lud ing  Hodgkin’s d ise a se . Because o f  the  e s s e n t ia l  s im p lic ity  o f the  d isease  
in  the  dog* th is  term* which was f i r s t  used fo r  lymphoid tumours in  the  dog 
by Bloom and Meyer (1945)*has added # e ry  l i t t l e  to  our a p p re c ia tio n  o f th is  
d ise a se .
In  th is  study* a  few cases were observed which had a  h is to lo g ic a l  r e ­
semblance to  g ia n t f o l l i c u l a r  lymphoma as found in  man* T his was probably  
a pre^lyrftphosarcoTaatous le s io n r  in  the  dog and a s t r i c t  eoi-apatison be W een 
th i s  m a n ife s ta tio n  and i t s  r e l a t i v e ly  benign co u n te rp a rt in  man I s  probably  
no t ju s t i f ie d #
Terms which have been used to  d esc rib e  lymphosarcoma o f the  dog such 
as lym phatic leukosis*  lymphadenosis * Hodgkin’s d isease*  pseuclo^dlodgkin’s 
d ise ase  and r e t i c u lo s i s  ought now to  foe regarded  as o b so le te . They a re  
d i f f i c u l t  to  d e fin e  and a re  thus open to  m is* ;in te rp re ta tio n .
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Tumours o f the  lymphoid t i s s u e  a re  a  coaiimon form o f ^ a lig n a n t d isease  
wtiicli i s  encountered In  c a ts  in  th i s  h o s p i ta l .  D e ta iled  post-m ortem  exam­
in a tio n s  have been c a r r ie d  o u t on 48 anim als which were su f fe r in g  from such 
tumours and these  formed the  b a s is  o f the  fo llow ing  p a th o lo g ic a l and c l i n i c a l  
study .
There have been no re p o r ts  o f the  f i e ld  incidence o f spontaneous Ijmipho- 
sarcoma* but O otcldn (1952) l is te d *  accord ing  to  anatom ical systems* 226 tumours 
o f the  c a t  which had been observed a t  th e  Royal V e terinary  College* London. 
Lymphoid tumours rep re sen ted  15% o f the  t o t a l .  There were 6 cases o f lym phatic 
leukosis*  8 cases o f  lymphosarcoma o f the  m esen teric  lymph nodes* 10 i n t e s t i n a l  
lymphosarcomas a 4 re n a l  lymphoaarcomas * 1 u te r in e  and 4 thymic lymphosarcomas. 
One o th e r  case  in  the  thyraus was d escrib ed  as a  thyraorna. In  th i s  se rie s*  
lym phatic tumours x?ere encountered more fre q u e n tly  than  the  cutaneous c a r ­
cinomas. ifSiter * in  an extended study* O otchin (1957) c la s s i f i e d  426 tumours 
of the cat* th re e -q u a r te rs  o f  which were m edignant. Again* 15% o f the  t o t a l  
were lymphoid turaoure which were w idely d is t r ib u te d  throughout the  body system s.
M ulligan (1951) rep o rte d  5 cases o f lymphosarcoma in  a s e r ie s  o f 70 
tumours o f  the  c a t .
X D <5
The moat detailed inveatigatlono oi iyaphoid tumoura of the oat liava 
hmn omrrlod out at the àngell #moria% Animai Hospital in Boo ton and thoea 
etwdlae have ham reported by Railoon smû îlolê'mvth (195$); llote-m'fth and 
Haiiaon (1955) -ami Molwwùh < 1960a1960b)<* The cliagaoais was caniitm û  
fey biopay or at examination in  tlm majority of oeoeo, but the
ac tua l numbara autopaied in  d e ta i l  ware not publiabW . Tito moot important 
ai tea of grosG tumour formation Mosra tbo Uiûmya and intaokiwa* followed 
fey the anterior modiaasinism^  the meaenterio lympfe nodoa and tits op loon#
Other oifioe which were oftoi oimulcanaoualy affeoted included tho livar, 
Gtmiachp heart, shin and salivary glande, laoione of lymphooaremm in the 
moat paaaageo m m  apecifioally mentioned, aimoe theao %mm often mio^ 
diagnoaed initially* Althou# virtually every ait© in th e  body could haoome 
infiltrated with lymphoid tumour ceils * the ©entrai norvoua oyatosi appeared 
to fee least fmquemtly affected, tu their initial report, Melleon and 
HolBOorth (1959) deecrifead the condition m  *'a locally maligpmnt tumour with 
diffuse infiltrative type of growth and an apparent preference for the afe- 
dominai organe, particularly the email intaotine, the kidney and the liver/* 
Fourteen cases m m  reported and each had been etudlod histologically except 
one, Î.E t h e i r  second re p o r t  on a  f u r tW r  e c r ie a  o f  15 cate*  lk)leworth and 
Reiloan (1955) aoknowladgad that tumours of the anterior mediastinum seemed 
"to constitute m  much of an entity in the thoracic pathology of cat© as do 
the intestinal and kidney tumours in abdominal pathology»'*
tïî the clinical report fey Hotewth (1969a) ,tho incidence of hoemopoiatic 
tumours in cats in the Boston îiospltal was given as 10% and 197 casco m m  
observed /
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obaerved l a  1423 ro u tin e  poat-mortem exam inations. These timiours were alm ost 
a l l  o f the  lymphoid type . In  140 c l i n i c a l  cases* the  ages ranged from 0 ,5  «
17 years* bnfe 50% o f the  anim als were aged from 1 ^ 5  y e a rs , There were 2 
male o r neu tered  male c a ts  a f fe c te d  fo r  every  female or neu tered  female a f f e c te d ,
Blood changes were pathognomonic in  only  15% o f the  c ase s , Ati a ttem pt 
was made to  d is t in g u is h  frank  lym phatic leukaem ia, which was c h a ra c te r ise d  
by g e n e ra lise d  lymphadenopathy* hepatosplenom egaly and tru e  leukaemia* from 
the  d ise ase  termed vleceraX  lymphosarcoma * bu t no h is to lo g ic a l  c r i t e r i a  were 
given to  support th i s  d is t in c t io n ,  P rog ress ive  anaemia and norm oblasts In  
the p e r ip h e ra l  blood were a freq u en t o b se rv a tio n . In  the e a r l i e r  rep o rts*  
the  c o n d itio n  was graded accord ing  to  the  degree o f m alignancy o f  the  tumour 
c e l l s  in  the  t is su e s*  Grades I  -  IV, Grade IV types were a c t iv e ly  d iv id in g  
lym phoblasts which were regarded  as h ig h ly  m alignan t. The degree o f m alignancy 
was claim ed to  be r e la te d  to  th e  e x te n t o f the  tumour p rocess a t  the  time o f 
death* b u t t h i s  grading  was no t employed tn  th e  extended study by Eolaworth 
(1960a), Instead* an a ttem pt was made to  c o r r e la te  the  d u ra tio n  o f th e  d ise a se  
w ith  the  dominant c e l l  types in  the  p e r ip h e ra l  blood in  the  cases o f  frank  
leukaem ia. Acute forms o f the  d isease  were a sso c ia te d  w ith  h igh  nuinbers o f 
c i r c u la t in g  lym phoblasts * the  sub -acu te  forms w ith  lyiiaphofolaBts and a ty p ic a l  
lymphocytes and th e  chron ic  type w ith  high  numbers o f lymphocytes. A r e ­
la t io n sh ip  was claim ed between the  acu te  form and a fu lm in a tin g  syndrome,
A s in g le  case  was observed which could n o t r e a d i ly  be diagnosed e i th e r  as 
a lymphoid tumour or ah ery  th ro  leukaem ia.
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Xu th s  EngXish language* o th e r convincing re p o r ts  o f Xy^tiphosarcoma o f 
the  c a t a re  sp a rse , Mar^ray (1908) described  a  round c e l l  sarcoma o f  the 
sm all in te s t in e  in  am 8 o r 9 y ear o ld  c a s t ra te d  male c a t .  K irk (1931) 
rep o rte d  a  case  o f lymphosarcoma o f the  Ileum w ith  m e ta s ta tic  lesiom s In  
the kidneys? the  diagmosia was confirm ed h is to lo g ic a l ly .  Bloom (1937) 
d escribed  a case  o f g e n e ra lise d  lymphosarcoma in  a c a t  in  which the  super*,» 
f i c l a l  lymph nodes were 6 - 1 2  tim es th e i r  u su a l s i s e s ,  The t o t a l  leuco­
cy te  count was aleukaemic* 15*150/cu.mm» An e a r ly  c l i n i c a l  featuî*o o f 
t h i s  case* which had a t t r a c te d  a tte n tio n *  was a u n i la te r a l  exophthakaus,
This l a t e r  proved to  be p a r t  o f the  lymphosarcoma tumour p ro cess . Locke 
(1948) described  a lyrniphoid tumour o f  the  a n te r io r  m ediastinum which he 
termed thymoma* a term  a lso  used by Loveday (1959) to  d esc rib e  a carcinoma 
o f the  thyîiius in  a  c a t ,  P a tte rso n  and Meier (1935) rep o rte d  2 c a ts  w ith  
a lim en tary  lyxmphosareoma* one o f which surv ived  su rgery  fo r  23 months, 
Lyiiiphosarcoma o f the  thyraus In  an B month o ld  k i t t e n  was rep o rte d  by Morgan 
(1959). H is to lo g ic a lly *  the  c r i t e r i a  necessary  fo r  a d iag n o sis  o f lyrapho*? 
sarcoma w ere .f u l f i l l e d ,  W ilson and Gilmore (1962) described  a  case  invo lv ing  
both o f th e  kidneys and the r ig h t  lung? they  s tre s s e d  th a t  t h i s  was one of 
the  main p a tte rn s  seen a t  Boston*
From re p o r ts  in  the  French v e te r in a ry  l i t e r a t u r e  i t  I s  c le a r  th a t  lympho* 
sarcoma o f the  c a t  was recogn ised  as a  d i s t in c t  e n t i ty  in  the  e a r ly  years o f 
the  p re se n t cen tu ry . Thus F a t i t  (1902) recognised  a m u lt lc e n tr ic  èase  which 
was confirm ed h is to lo g ic a l ly  and l a t e r  he re p o rte d  lyivphadenomias o f the 
i n te s t in e s /
I a u
in te e t lE e s  in  2 onta* P e t i t  (1908)# B a ll and Anger (1925) d escribed  a 
c a h e c tic  18 month o ld  c a t  which had p resen ted  b i l a t e r a l l y  sym m etrical tumours 
in  the lymph nodes o f the  head and neck, T his was diagnosed a s  lymphosarcoma 
o r lymphoblastoma on h is to lo g ic a l  exam ination. O ther carcase  nodes were 
u n a ffec ted  and leukaemic changes were no t found in  the  l iv e r  and spleen*
B hll and C o lle t  (1931) a lso  described  a round c e l l  sarcoma which was a s s ­
o c ia te d  w ith  the  sm all in te s t in e  In  a  s ix  y ear o ld  c a t ,
Examples o f non-lymphoid m alignant d ise a se s  o f  the haem opoietla system  
a re  uncommon. Myeloid leukaemia has been diagnosed by Eyestone (1951) *
Baker (1954) and Meier & P a tte rso n  (1956), B asoph ilic  or mast c e l l  leukaemia 
has been re p o rte d  by L i l l i e  (1931)5 M eier & Gout ley  (1957) and Head (1958), 
Holsworth (1960b) c i te d  2 cases o f e o s in o p h ilic  leukaemia from p e rso n al 
coamunicat i%ns,
Am methods*
The c a ts  which have been-included  in  t h i s  study were adm itted  to  th is  
h o s p ita l  between the years 1954 and 1964 an d , found to  be s u f fe r in g  from 
lymphosarcoma*
The methods employed were s im ila r  to  those described  fo r  the  dog in  
S ec tio n  1 o f  t h i s  p a r t  o f th e  th e s is .  The normal haem ato log ical values* 
which were accepted* were those  given by Schalm (1961) and the  normal v a lu es 
fo r  the  biochem ical t e s t s  were those  which were in  use a t  the  h o s p i ta l  and 
were s im ila r  to  those given fo r  th e  dog.
i  <J (
CUSSÎFIcm O JS OF M  DISEASE I M THE CAT.
As in  the  dog* the  c la s s i f ic a t io n *  which xms proposed* was based on 
the  d i s t r ib u t io n  o f the  m ajor le s io n s  o f the  d isease  throughout the  body* 
Four forms o f lymphosarcoma were reeog^aised* a  m u lt ic c n tr lc  form* a "thymic" 
form, an a lim en tary  form and an a b e rra n t form in  which werie p laced  those 
cases which d id  no t conform to  one o f the  o th e r  th re e  groups,
t m  m m o i m r  o f  o t  d i s e a s e .
The m acroscoplcal and m icro seop ica l appearances of lymphosarcoma in  
the  organs and t is s u e s  which were a ffe c te d  x^ith lymphosarcoma were studied* 
These included  the  lymph nodes* liv e r*  spleen* a lim en tary  system* kidneys* 
lungs* heart*  bone marrow and pancreas*
THE DX8TIUBHTI0H OF THE LE8I0N8.
The d i s t r ib u t io n  o f the  le s io n s  in  48 confirm ed cases o f  lyraphosarcoma 
o f the  c a t  I s  shoxm In  Table 54, The p a tte rn s  appeared to  evolve in to  4 
main types* a m ult icon  t r i e  form* a "thym ic" form* an a lim en tary  forra and an 
a b e rra n t type , Xn th e  m u lt ic e n tr ic  form th e re  was enlargem ent and tumour 
i n f i l t r a t i o n  o f the  s u p e r f ic ia l  Ij^aph nodes* th e  m esen teric  and o th e r  ab­
dominal nodes and* le s s  commonly, the  l iv e r  and sp leen . In  1/3 o f these  
cases the  kidneys were a lso  involved* but the  lungs* heart*  to n s i l s  and 
a lim en tary  system  were le s s  fre q u e n tly  a f fe c te d . In  the so*^called "thym ic" 
form o f the  d isease*  the  main tumour mass was found in  the  an te irio r m edia- 
stimum a t  the  s i t e  o f the  former thymus. M e ta s ta tic  le s io n s  were observed 
in /
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The D ls tr  IW tiq n  o i the  Lesioxxs in  48 
Cases o f Lymphosarcoma in  the  Gat.
M a ltic e n tr ie  Thymic A lim entary A berrant _ .
type type type '
B nperflciaX  
lEl'ioraclc
A n te rio r e te rn a l  
M esenteric 
Other abdominal, 
m ic  ma 
L iver
Salegn
laAtiey.
H eart
T onsil
Marrow
Pancreas
Total cases
14
9
1
13
12
2
18
5
15
5
18
9
2
1 4
1
2
2 4
4
15
9
7 
3 Î  
IB 
10 
28 
14 
21 
17
8 
3 
3 
Z 
2
4 8
1 5 9
ill  o th e r p a r ts  o f the  body, but the  s u p e r f ic ia l  lymph nodes were no t involved . 
The most common type was the  a lim en tary  form which was a sso c ia te d  le s io n s
o f the  m esen teric  lymph node and the in te s t in e s .  The l iv e r  xms freq u e n tly  
invo lved , bu t the  k idneys, sp leen  and lungs were a ffe c te d  to  a l e s s e r  e x te n t.
A fo u rth  sm all group o f cases found in  xdilch the l iv e r  xms the  p r in c ip a l  
organ a f fe c te d , but th i s  was accompanied by tumour i n f i l t r a t i o n  in  w idely 
d is t r ib u te d  a reas o f the body such as the  marrow, kidneys and the  a n te r io r  
s te r n è l  lymph nodes. In  one case , the  fo re lim b , to g e th e r w ith  the  subm axillary  
and p resca p u la r l^miph nodes on one s id e , were involved w ith  the  l iv e r .  This 
group o f cases was termed the  a b e rra n t form,
TO LYIOT HOPES.
The Nodes o f H ealthy C a ts .
Lynîph node se c tio n s  from 20 c a t s ,  which were showing no s ig n s  o f c l i n i c a l  
d ise a se , were examined both  m acroscop ically  and m ic ro sco p ica lly  and compared 
w ith  the  d e s c r ip tio n  given fo r  lymph nodes in  man by Ham and Lseson (1961). 
M acroscopically , a f t e r  s e c tio n  o f a node, i t  was o f te n  d i f f i c u l t  to  d i s ­
tin g u ish  c o rte x  from m edulla. Even where th e re  were co lour changes to  d i f f e r ­
e n t ia te  c o rte x  from m edulla, th e i r  ju n c tio n s  were o f te n  d i f f i c u l t  to  determ ine. 
M icroscopic a l ly ,  th i s  g re a te r  c e l l u l a r i t y  o f the  m edulla the  main d i f f e r ­
e n t ia t in g  fe a tu re  between c a t lymph nodes and the  lymph nodes o f  man and the  
dog. The m edullary pegs tended to  be very  f in e  and lace-*like in  the  caL, 
but the  m edullary  s in u ses  were sometimes packed w ith  r e t ic u lo - e a d o th e l ia l  
c e l l s .  This d id  no t appear to  be s in u s c a ta r rh ,  because the  a ssc e la te d  sub- 
cap su la r and c o r t i c a l  s in u ses were u su a lly  le s s  h eav ily  populated  w ith  re ticu lo *  
e n d o th e lia l  c e l l s .
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T yp ical germ inal c e n tra s  were bordered by a r in g  o f m ature o r medium 
lymphocytes and the c e n tr a l  p o r tio n  was composed o f la rg e r  c e l l s  which were 
alxfays r a th e r  lo o se ly  arranged  and o f a v a ria b le , nature# For example, i t  
was tîsüal f in d  lymphoblasts* la rg e  lymphocytes* medium lymphocytes* stem 
c e lls *  ra tie u lo -e n d o tf ie l i a i  c e l l s  and a c tiv e  macrophages w ith in  these  c e n tre s . 
O ccasionally* a plasma c e l l  o r plasma c e l l  p rec u rso r  could, foe id e n tif ie d '.
The degree o f  a c t iv i ty  o f $he germ inal c e n tre  appeared to  be r e la te d  to  I t s  
d iam ete r, the  presence o f i n t e r s t i t i a l  c e l l  d e b r is * m ito tic  f ig u re s  and the  
presence  o f  a  few very  a c tiv e  immature cel3.s w ith  bo ld , pa le  n u c le o li , 'w h ic h  
c o n tra s te d  sh a rp ly  w ith  the more mature c e l l s  o f  the  centre* E eactive  
secondary c e n tre s  were no more h e av ily  populated w ith  c a l l s  than  In a c tiv e  ones.
%#imh Modes A ffected  w ith  Lymphosarcoma.
The anatom ical d i s t r ib u t io n  o f a f fe c te d  lymph nodes I s  g iven In  Table 34. 
The d i s t r ib u t io n  o f th ese  nodes had a marked in flu en ce  on the  c l a s s i f i c a t io n  
o f the  d ise a se  in to  anatom ical and c l i n i c a l  ty p e s ,
Morbid Anatomy*
A ty p ic a l ly  a ffe c te d  node was enlarged* d isc re te *  ye llow ish  o r l ig h t  
ta n  in  co lou r and encapsu la ted . On s e c tio n , i t  was f i l l e d  w ith  a ye llow ish  
h ig h ly  c e l lu l a r  tissu e*  O ccasiona lly , congestion* In fa rc tio n  and n e c ro s is  
were observed. E xtension from the  node to  the  surrounding t is s u e s  was un­
common * except fo r those ttmiour masses encountered In  the  a n te r io r  media's* 
stlnum* which had a tendency to  Invade the  ad jacen t lung o r p e r ic a r d ia l  
t is s u e s  and those in  the  p o s te r io r  p a r t  o f  the  para^^aortle lymph node chain  
which/
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In afc l e a s t  one cat*  which had invaded the a s so c ia te d  sub4lumbar v o lu n ta ry  
muscles# Xn the  cat* lymph nodes were n o t in creased  in  s i s e  to  the  same 
e x te n t as they  were in  the  dog. I t  was thus necessary  to  examine a l l  
s u p e r f ic ia l  lymph nodes where one or two groups x-yere m oderately enlarged  
and I n f i l t r a t e d .  % e re  th e re  i s  b i l a t e r a l ,  moderate lymphadenopathy o f  a l l  
s u p e r f ic ia l  lymph nodes in c lu d in g  those le s s  a c c e ss ib le  ones, such as the 
a x i l la r y  and s u p e r f ic ia l  in g u in a l lympfe' nodes, then  lymphosarcoma must be 
considered  as a p o ss ib le  cause of the  d ise a se  p ro cess .
In  marked c o n tra s t  to  the  m oderate in c re a se s  in  s is e  o f the  s u p e r f ic ia l  
lymph nodes, a ffe c te d  m esen teric  nodes tended to  be g ro ss ly  e n la rg ed , firm  
and somewhat lo b u la ted . They were re a d i ly  p a lp ab le  and e a s i ly  Id e n t i f ie d  
in  the mid-abdomen.
M icroscopical F lndin^,s.
38 se c tio n s  xmre a v a ila b le  from 33 c a ts  and a summary of the  f in d in g s  
i s  given in  Table 55. In  nine c a se s , no se c tio n s  o f nodes x-jere p repared , 
because the  main s i t e s  o f the  le s io n s  were in  o th e r  organs. In  th re e  in s ta n c e s , 
the  se c tio n s  x^ere so sev e re ly  In fe c te d  th a t  only h is to lo g ic a l  changes ty p ic a l  
o f severe  in fe c tio n  were observed , which may have obscured any previous le s io n s  
o f lymphosarcoma. In  ano ther th re e  c a se s , no se c tio n s  were a v a ila b le  fo r  study .
A ty p ic a l ly  a ffe c te d  lymph node xms composed o f uniform  sh e e ts  o f lymphoid 
c e l l s  xAich had destroyed  the g en era l a rc h i te c tu re  and abo lished  the c o r t i c a l  
m edullary d if fe re n t ia t io n *  There was marked flood in g  o f a l l  the s in u ses  and, 
in  many in s ta n c e s , these  could no longer be id e n t i f ie d .  In  e ig h t s e c t io n s , 
th e re /
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th e re  was evidence o f condensed sm all f o l l i c l e s  o f m ature lymphocytes w ith in  
the  tumour c e l l  sheet* o r e ls e  marglnilted* These x^ere assumed to  he v e s t ig i a l  
f o l l ic le s #  Xn two cases lymph nodes xmre n o t e n t i r e ly  a ffec ted*  only  one a re s  
p re se n tin g  c le a r  evidence o f lymphosarcoma 'w hilst the  rest" o f  the  node* in-? 
e lud ing  the  medulla* was ind 1s t  ingu i  shah le  from th e  node o f a h e a lth y  c a t .
Xn f iv e  eases* th e re  x^as. no c le a r  corfcico^vaedullary d i f f o r e n t ia t io n * but 
the  c e n tr a l  p o r t io n  o f the  node was composed o f la rg e  round tumour fo c i  
w ithout a d ja c e n t tra b e c u la e . These x^ere assumed to  be g ro ss ly  turn!fled  
m edullary  pegs.
There 'was evidence o f m u ltip le  tumour fo c i  in  ba th  th e  c o rte x  and the  
m edulla in  four cases* S ec tions ware composed o f t ig h t ly  packed fo c i  o f 
f a i r l y  uniform  b la s t  o r stem c e lls#  These were expanding and encroaching 
upon a d ja ce n t s in u ses  which were packed w ith  more m ature c e l l  types * F igures 
34* 35* and 36. The tumour fo c i  had esqaanded so th a t  they were alm ost 
uniform  c e l l  sh e e ts  in  two sec tio n s*  Figi^re 37. This resem bled g ia n t 
f o l l i c u l a r  lymphoma*
The in te g r i ty  o f  the  capsu le  was m ain tained  in  only  fou r se c tio n s . In  
the  remainder* th e re  was evidence o f  i n f i l t r a t i o n  lead ing  to  d e s tru c tio n  o f 
the  cap su le . I n f i l t r a t i o n  o f th e  p e r i-n o d a l a re a  was c le a r ly  ev id en t in  
26 se c tio n s  and in  e ig h t  o thers*  cou3-d he observed e i th e r  as shallow  streoifts 
o f  c e l l s  ly in g  ju s t  o u ts id e  th e  capsule* or as sm all masses o f  tumour c e l l s  
ly in g  in  the  d ep ress ion  a t  the  c a p su la r - tra b e c u la r  ju n c tio n s . In  two se c tio n s  
th e re  was c le a r  evidence o f an accesso ry  capsu le  around the  node* bu t in  the  
m a jo r ity /
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Summary o f the  H ia to lo g io a l F indings o f W w h 
Hode. S ec tions o f Cats w ith  Lymphosarcoma#
Humber o f cases
Humber o f se c tio n s
General a rc h i te c tu re  
P reserved 
Loss o f
G ortlco-m edullary
d i f f e r e n t ia t io n
V is ib le
Hone
per i  <^node. a reas  
n egative
S lig h t  i n f i l t r a t i o n  
Moderate i n f i l t r a t i o n  
S^îarked i n f i l t r a t i o n
Capsule
I n ta c t
Laminated
Fraiyaented or 
O b lite ra te d
Subeapsular s in u s
P a ten t in  p a r ts  
Flooded* but v i s ib le  
O b lite ra te d
33
38
3
35
38
3
35
38
12
14
38
4
21
13
38
0
9
29 36
O o rtic a l trab ecu lae
In ta c t  3
lam inated 9
Fragmented or 
O b lite ra te d  26
F o l l ic le s
Well defined  in  p a r ts  /
V e s tig ia l  8
Replaced by c e l l  
sh e e ts  24
Tumour f o l l i c l e s  4
C o r tic a l  s in u s
P a ten t in  p a r ts  1
Flooded* bu t v i s ib le  2 
O b lite ra te d  35
M edullary trab e cu lae
In ta c t  0
Laminated 5
Fragmented o r 
O b lite ra te d  33
M edullary pegs
Tumifieci 5
I n d is t  ingu ish ab le  from c o rte x  31
U naffected  _2
38
38
38
38
38
JL
H edu llarv  a lm a
P a ten t in  p a t t s  1
l^loodads but v i s ib le  I
>l i te r a te d  ' 36
O ther fea tu rea
M acrotic fo c i  4
D iffuse  c y to p a th ic  changes 2
D iffuse  haemorrhages I
Accessory capsule. 2
F ib ro s is  0
Foci o f e o s in o p h ils  0
M ultiuuclea ted  c e l l s  0
f o c i  o f n e u tro p h ils  2
Foci o f plasBia c e l l s  0
38
X t> 5
m a jo rity  o f sec tions*  as in  the dog* I t  comprised loose ly  arranged strom a 
xihich appeared to  be condensations o f loose connective tissu e*  Foci o f 
n e c ro s is  were no t encotm tered frec|,uentiy* nor were d if fu se  c y to p a th ic  changes. 
At post-m ortem  exam ination * nodes were s e le c te d  which d id  no t show sig n s  o f 
obvious necrosis*  so th a t  th i s  observation, i s  no t n e c e s sa r ily  a  îfefle c tio n  
o f the  t ru e  incidence o f n e c ro s is  in  c a t  lymph nodes* More in fo rm ative  was 
the. absence of marked f ib ro s is *  mu 11 inue lea  ted  c e l l s  o f the  Eeed^iSternberg 
type eo s in o p h ils  and plasma c e l l s .  Foci o f n e u tro p h ils  were observed in  
only two lymph node sections*
n m  tm in .g.*
In  28 cats*  the  l iv e r  was a ffe c te d  'with lymphosarcoma* Table 54* Again* 
ae in  the  dog* the  l iv e r  was one o f the  main s i t e s  o f the  d ise ase  and a ffe c te d  
l iv e r s  were found In  each o f  the  fou r forms o f  th e  d isease  in  the  oat*
Morbid Anatomy *
A ffected  l iv e r s  were o f te n  en la rged  and were u su a lly  p a le . O ccasionally* 
w hite o r cream coloured and f a i r l y  w e ll defined  spots* up to  0 ,5  cm, in  
d iam eter were v i s ib le  on the  su rfa ce  and were s c a tte re d  throughout the  
parenchyaia, The cu t su rfa ce s  were c h a ra c te r ise d  by exaggera tion  o f the  
p o r ta l  t r ia d s  to  £om  a d i s t in c t  g rey ish  network or m o ttlin g  e f f e c t .
a M £ a .te ^ sâ L Z is5 ^ se .*
A summary o f the  h is to lo g ic a l  f in d in g s  i s  p resen ted  ih  Table 56, S ections 
were s tu d ied  from each o f the  28 a f fe c te d  c a ts ,  Ixi every se c tio n  which was 
examined */
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Summary o f th e  E is to lo g lcaX F ind ings in
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Mmiber o f  oases 
Momber o f s e c tio n s  
General a rc h i te c tu re  
P reserved 
to s t
P o r ta l  t r i a d . I n f i l t r a t io n .  
Occas io ïia l t r la d s  
M ajo rity  I n f i l t r a t e d  5 
s l ig h t ly  
m oderate 3.y 
markedly 
Absent
. I n f i l t r a t io n  o f  S inusoids
Small .foci 
Moderate fo c i  
la rg e  fo c i 
Streams of c e l l s  
Absent
28
28
27
I
I n f i l t r a t i o n  around c e n tr a l  v e in s 
O ccasional 4
Abaent 2428
4
in........................^ to a t lc  c e l lsji^vr»aiÉ*; »ag JW  W  J. W
C en tra l zone
C en tra l and 
mld#Aone
P e rip h e ra l and 
mid«^8one
E n tire  lobu le
28 Absent 
Other le s io n s
16
2 8
Subs cap su lav  
f i l t r a t i o n
HaemosIderos i s
Megakaryocytes
M uItinucleated  
l iv e r  c e l l s
F ib ro s is  o f 
p o r ta l  t r i a d s
M ultip le  sm all 
abscesses
28
10
Ô
16 28
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examined* th e re  was some evidence o f  i n f i l t r a t i o n  o f the p o r ta l  t r i a d s .  In  
21 cases* alm ost a l l  the  t r ia d s  were i n f i l t r a t e d  to  some ex te n t and in  13 
o f these* the  i n f i l t r a t i o n s  were q u ite  d i s t in c t  even w ith  the low power of 
the m icroscope. However* in  seven cases* only  o ccasio n a l t r ia d s  were a ffe c te d , 
Such t r ia d s  were s l ig h t ly  involved and in  one section*  th e re  was m oderate in** 
f i l t r a t i o n  o f a  s in g le  t r i a d  w ith  sm all abscesses which formed s a t e l l i t e s  in  
the  s in u so id s  o f th e  surrounding lo b u le s .
In  more than  h a lf  o f  the  se c tio n s  * the  s in u so id s  were f re e  o f  turaour 
c e l l s .  The main s ig n  o f I n f i l t r a t i o n  in  the  s in u so id s  was sm all s c a t te re d  
fo c i  causing  s l i g h t  d i s to r t io n  o f the  h e p a tic  c e l l  lines*  In  four cases* 
these  fo c i were much lapger and in  two of thexa* th e  e f f e c t  was one o f  m u ltip le  
tumours throughout the  lobules* In  on ly  one s e c tio n  were f in e  stream s o f 
tumour c e l l s  w ith in  the  s in u so id s  observed* This was a  very  comaon ob­
se rv a tio n  in  th e  dog*
C o lle c tio n s  o f tumour c e l l s  around the  c e n t r a l  v e in s  were never noted 
throughout an e n t i r e  section#
F a tty  changes o f  the  h e p a tic  c e l l s  were only  observed in  the  c e n tr a l  
and m id .zonal a reas  o f the  lobules*  w h ils t  the  p e r ip h e ra l zone cord c e l l s  
were no t u su a lly  abnormal,
Haemoslderosio was seen in  th re e  cases and megakaryocytes w ith in  the  
s in u so id s  in  two o th e rs . F ib ro s is  o f p o r ta l  t r ia d s  and m ultiple, sm all 
abscesses were observed on in d iv id u a l sec tions#  ^k tltin u c lea ted  l iv e r  c e l l s  
were seen in  one se c tio n  which was h eav ily  in f i l t r a te d *  F igures 38 and 39.
X o  W
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The sp leen  was a f fe c te d  w ith  lyraphosavcoiiaa in  14 cases and a ffe c te d  
Gp leans ware observed iix each o f th e  forms of the  d ise ase  except the  a b e rran t 
type* Table 54,
Morbid Anatomy#
E igh t o f  the  a ffe c te d  sp leens were e i th e r  en larged  o r g ro ss ly  en larged  
bu t f iv e  were judged no t to  be in c reased  in  si%e% Hoxmver* the  u su a l sp le n ic  
p r o f i le  was p reserved  w ith  rounding o f  the  edges* even where th e re  was gross 
in c re ase  in  sisse.
An a ffe c te d  sp leen  was xtsuaXly b lu ish -p in k  or o f a red  s l a te  co lo iir and 
on section*  th e re  was p re s e rv a tio n  o f the  capsule# lo s s  o f c e n t r a l  d e f in itio n *  
w ith  the  pulp assuming a red d ish  and uniform ly c e l lu la r  appearance* was common* 
but in  6 oases* th e re  was marked h y p e rp la s ia  o f the  î-hiiplghlan corpuscles#)
H is to lo g ic a l Findings*
The h is to lo g ic a l  d a ta  a re  summarised in  Table 57, In  every case* the  
capsu le  o f  th e  sp le % m a a  com pletely  in ta c t  and no sig tr. o f tumour c e l l  
i n f i l t r a t i o n  was found. The r a t io s  o f trab e cu lae  to  sp le n ic  pulp were low 
in  5 se c tio n s  and m oderate In  th e  r e s t .  T rabecu lar i n f i l t r a t i o n  w ith  tumour 
c e l l s  was observed in  aiore than  h a l f  o f the  s e c tio n s .
Ill e ig h t  o f  th e  sec tions*  the  e n t i r e  sp le n ic  pulp had been rep laced  by 
lymphoid tumour c e l l s .  Marked h y p e rp la s ia  o f the  Malpli%bian co rpusc les was 
noted  in  6 o th e r  s e c tio n s . In  th re e  o f th ese  * t h i s  was a sso c ia te d  w ith  
in f  i  I t r a t  io n /
i  t> »
Ï A B K  5 7
of  the  .Spleen of th e  c a t .
T o ta l number o f cases 
Humbar o f se c tio n s
Capsule
In ta c t
I n f i l t r a t e d
Not on the  s e c tio n
T rabecu lar pulp  r a t i o s  
Low
Moderate
T rabecu lar in f i l t r a t ion
}?t*esent
Absent
§WWm&s_mk.
D iffuse  i n f i l t r a t i o n
H yperplasia  and tran sfo rm a tio n  
o f the  ^felplghlan co rp u sc les
M alpighian h y p e rp la s ia  and tran sfo rm atio n  
p lu s  i n f i l t r a t i o n  o f the  red  pulp
H egakaw ocytes
14
14
14
14
0
14
14
y
14
14
Not observed 8
O ccasional 2
S evera l 2
Numerous 2 14
X Y U
i n f i l t r a t i o n  o f tumour c e l l s  from the  tumlfiecl co rpuscles in to  the  red  
pulp* but no t to  the  e x te n t where th e re  was t o t a l  un ifo rm ity  o f the  c e l l  
sheet* In  the  o th e r  th re e  cases* th e  tum ifled  co rpu scles were t ig h t ly  packed 
w ith  uniform  b la s t  c e l l s  and* a lthough  some b la s t  c e l l s  were p re se n t in  the  
sin u ses  o f the  red  p u lp , the  h y p e rp la s tic  M alpighian co rpuscles Imc remained 
d is c r e te .  In  the  red  pulp o f one c a se , number 24908* th e re  was marked 
evidence o f e ry th ro p o ies ià ü  which accen tuated  the  fcumified bodies* F igures 40 
and 41, Where the  tu raifled  M alpighian bodies had remained d isc re te *  case 
number 25522* tra c e s  o f the former co rp u sc les  could sometimes be found*
F igures 42* 43 and 44, In te rm ed ia te  stages*  when the  tumour c e l l s  appeared 
to  be budding from the edges o f  condensed corpuscles*  were a lso  observed,
Megakaryocytes were not observed in  e ig h t  o f the  se c tio n s . In  2 se c tio n s  
they  were seen occasionally*  in  two se c tio n s  se v e ra l o f these  c e l l s  were 
observed and in  two o thers*  they  were found in  g re a t numbers, In  th re e  o f 
the cases* the  megakaryocytes ware immature* w ith  p a le  v e e lc u la te d  m u ltip le  
n u c le i  each one o f which had a prom inent p a le  e o s in o p h ilic  n u c leo lu s ,
THE ALXMENTARY BVSTEM,
Xt7exity-oue c a ts  had tumours o f the  a lim en tary  system and th ese  le s io n s  
were found m ainly in  the  a lim en tary  form o f the  d ise a se , Table 54,
Morbid Anatomy.
Lymphosarcoma was ty p if ie d  by d isc re te *  sp h e r ic a l or ovoid tumours o f 
the  stomach or in te s t in e s ,  which ware o f te n  m u ltip le . They were u su a lly  
p a le /
1 7  1
p a le  yellow  or off*«whlte in  colour* smooth eurfacecl and o c ca s io n a lly  ad­
h e re n t to  a d jacen t loops o f in te s t in e  o r a reas  o f the  omentum. On section*  
the  masses were composed o f uniform* firm* yellow  or w hite t is s u e  which 
had involved a l l  la y e rs  o f  the  t r a c t  and had caused u lc e ra t io n  o f the mucosae, 
O c cas io n a lly 3 th e re  were c e n tr a l  n e c ro s is  and signs o f impending p e r fo ra tio n ,
A more d if fu s e  form o f the  d ise a se  along  the  In te s t in e  was a sso c ia te d  
w ith  a re g u la r  and marked thlclasming o f th e  cana l w a lls . In  a few c a se s , 
the  mucosa appeared h y p ertro p h ic  and in  p a rts*  had c o rru g a tio n s  resem bling  
Johiie’s d ise a se  in  the  bovine anim al.
I t  should be borne in  mind th a t  18 o f th e  21 cases* in  which le s io n s  
o f the  a lim en tary  system  were observed a t  the post-m ortem  examination* 
belonged to  a group which has been termed the a lim en tary  form o f  the  d ise ase  
in  th e  c a t  and i s  c h a ra c te r is e d  by g ross le s io n s  in  the a lim en ta ry -m esen te ric - 
lym phatic re g io n , The d is t r ib u t io n  o f  such le s io n s  i s  shown in  Table 58,
From th is  ta b le .  I t  w i l l  be noted  th a t  only 6 cases had le s io n s  o f the  alim ­
en ta ry  system,:^without involvem ent o f  the  m esen teric  lymph node. O ther 
le s io n s  accompanying these  a lim en tary  tumours in  the  6 cases a re  shown in  
Table 59, There were only 3 c a ts  in  which le s io n s  were d is c r e te  and confined 
to  the a lim en tary  t r a c t  and one o th e r anim al where these  le s io n s  were d iffu se d  
along th e  I n te s t in e s ,
H is to lo g ic a l F in d in g s ,
S ec tio n s o f the  a lim en tary  system  were a v a ila b le  from IS o f the  21 
a ffe c te d  c a ts  and a summary o f the  h is to lo g ic a l  fin d in g s  a rc  given in  Table 60. 
L esions/
T A B IE  S  8
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The M b t r ih u t  ion  o £ . t he Main. Las ions in  25 
Oats w ith  .tlie Alim entary  Form.o f Lymphosarcoma,
Lesions both  on the  g a s t r o - in te s t in a l  
t r a c t  and the  m eoenteric  lymph node
Leaions on the  t r a c t  only
M esenteric lymph node alone
Number o£ cases o f the  a lim en tary  typo
12
6
6
24
Case
Numbers
3184 
7700
14699
18667 
24026
25368
TABÎ.S 5  9
The D is tr ib u tio n  o f  Lesion s .o f
in  S ix Cases o f the  Alimentai ne wne:
L iver Spleen
4.
e was no t A ffec ted .
Other abdominal 
lymph nodes
Lesions o f the  stomach 
o r in te s t in e s
("Johné ' s Type'*)
X Y i f
I'&bïæ; 6 0
^hosagcoina. ,o.£. .£he Syfltem.of the Cat
T o ta l mimfoer o f cases
Number o f  secfciona 
Mucous membranes 
In ta c t
N ecro tic  o r f i b r o t i c  
I n f i l t r a t e d  
V e s tig ia l  glands 
O b lite ra te d
Submimosae
In ta c t
^Jfodorafce i n f i l t r a t i o n  
î-teked I n f i l t r a t i o n
21
15
15
XI
I n ta c t
Laminated
FragRiented
O b lite ra te d
Subserosal or raasen teric  a re a s  
I n f i l t r a t e d
2
1 5
1 1
Not i n f i l t r a t e d
X Y  4
Lesions were c h a ra c te r ise d  by efcreatas o f tumour c e l l s  x#ich  ware i n f i l t r a t i n g  
in to  the  o r ig in a l  s t ru c tu re s  and then in c re a s in g  in  magnitude u n t i l  the  
s tru c tu re s  were destroyed  and e v e n tu a lly  rep laced  by the  invad ing  c e l l  sheets*  
F igure 45 , N ecrosis* w ith  some a sso c ia te d  f ib ro s is*  was noted in  the  mucosal 
a re a  in  th re e  s e c tio n s . In  one case* an in ta c t  and ap p aren tly  u n in f i l t r a te d ,  
mucous membrane was no ted . A djacent to  th i s  * th e re  was marked tumour in ­
f i l t r a t i o n  o f the  m usculature and m esentery. I n f i l t r a t i o n  o f the mucosae 
was moderate in  f iv e  cases and th i s  had r e s u l te d  in  tumour c e l l  i n f i l t r a t i o n  
between the  glands causing  d is to r t io n  o f the  p r o f i le s  o f the  glands* but 
only minor d e s tru c tio n  o f th ese  ele tuen ts. In  four sections*  only  v e s tig e s  
o f those glands remained amongst the  in te n s e ly  d e s tru c tiv e  sh ee ts  o f  lymphoid 
tumour c e lls*
I n f i l t r a t i o n  o f the  submucosa was r e la te d  to  th e  degree o f involvement 
o f the  mucous membrane and In  th a t  se c tio n  where the  mucous membrane was
u n a ffe c te d 3 th e  submucosa was a lso  f re e  o f tumour c e l l s .
In  two o f the  f i f t e e n  sec tio n s*  the  muscle lay e rs  were in ta c t*  but 
th e re  was i n f i l t r a t i o n  o f the  ad jacen t mucosa. In  the  o th e r 13 sec tions*  
i n f i l t r a t i o n  was observed 5 lam ination  in  f iv e  sec tions*  fra f^ ien ta tio n  In  
seven and o b l i t e r a t io n  in  one* F igure 46.
Marked i n f i l t r a t i o n  was a fe a tu re  o f the  su b sero sa l o r m esen teric  reg ions 
in  11 o f  th e  s e c tio n s .
S e r ia l  se c tio n s  were p repared  from an a lim en tary  tumour o f case number
25368. The core o f th is  mass x*?as composed alm ost e n t i r e ly  of lymphoid c e l l s
w ith /
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xvil:h sm all g landu lar v e s tig e s  ju s t  below the  surface, o f the u lc e ra te d  mucous 
membrane whereas* a t  I t s  ju n c tio n  xflth the  ileura* only m ild lam ination  o f 
the m uscular la y e rs  and s l ig h t  mucosal i n f i l t r a t i o n  were observed h is to lo g ic a l ly .  
The ileum above and below th is  mural tumour was no t m ic ro sco p ica lly  abnorm al#
t m  KinmYB .
M e ta s ta tic  le s io n s  o f lymphosarcoma xmre observed in  the  kidneys of 
17 c a ts  ; u su a lly  both organs were a f fe c te d . la s io n s  occurred in  each o f 
the proposed forms o f  the d isease*  Table 54,
Morbid Anatomy.
A ffected  kidneys were m oderately  to  markedly enlarged  depending on the 
degree o f tumour c e l l  i n f i l t r a t i o n .  In  9 cases* theare xms a f in e  speck ling  
over the  su rface  o f the  kidney and on section*  the co rtex  p resen ted  a f in e  
m o ttled  appearance due to  tumour I n f i l t r a t i o n ,  In  2 cases* round p a le  yellow  
foci*  up to  I  cm. in  d iam eter and bounded by a narrow r in g  of hyperudmia* were 
observed on the  su rface  o f the  kidney. On se c tio n  these  were found to  r e ­
p re se n t p a le  yelloxf wedge shaped le s io n s  o f the  c o rte x  o u tlin e d  by in ten se  
hyperaem ia. The base o f each le s io n  lay  on o r c lo se  to  the  capsu le  and i t s  
apex po in ted  toxmrds the  jux ta -m edu lla ry  a re a .
Tumour masses * which occupied la rg e  a re a s  o f the cortex* ware found 
ixi 6 c a se s . In  one o f them* case number 25522* both kidneys wore markedly 
enlargdd and on section*  the c o rte x  was found to  be g ro ss ly  th ickened  and 
alm ost com pletely rep laced  by cream coloured  tumour t is s u e .
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Hi s to lo g ic a t  FInd Ings.
S ec tions were a v a ila b le  from each a ffe c te d  c a t  and the h is to lo g ic a l  
d a ta  a re  anmmarised in  Table 61*
The sm a lle s t tumour fo c i  were poorly  defined  and were composed o f sh o rt 
Streams of tumour c e l l s  i n f i l t r a t i n g  amongst th e  re n a l  tubu les w ithou t much 
r e s u l t in g  evidence of severe  tu b u la r damage. In  some o f th ese  se c tio n s  * the 
i n f i l t r a t i o n s  appeared to  have an a f f i n i t y  fo r  the  p e riv a sc u la r  a reas o f 
the  sm aller blood v e sse ls  o f the  c o rte x . Wedge-shaped le s io n s  in  the  c o rte x  
were a sso c ia te d  w ith  marked tu b u la r  d e s tru c tio n  and a  red u c tio n  in  the number 
o f v i s ib le  g lom eru li. The more m assive le s io n s  which occupied much g re a te r  
a reas o f the cortex* were a ls o  a sso c ia te d  w ith  e lim in a tio n  o f many re n a l 
tu b u les  and glom eruli^ F igure 47, Surv iv ing  tu b u les  u su a lly  p resen ted  signs 
o f nephrosis  w ith  pyktiosls o f n u c le i ,  bu t in  some cases * the  n u c le i had d i s ­
appeared, Glomerular t u f t s  in  i n f i l t r a t e d  a re a s  u su a lly  shcufed pyknosis of 
c e l l  n u c le i  and appeared somewhat shrunken,
SDiall subcapaular fo c i o f tumour c e l l s  x-jere noted in  four se c tio n s  and 
in  f iv e  sec tions*  th e re  were le s io n s  in  the jux ta-m edu lla ry  areas* p a r t ic u la r ly  
around the  blood v e s s e ls , M edullary tumour fo c i xmre only observed in  one 
se c tio n .
None o f the  h is to lo g ic a l  changes observed in  the kidney se c tio n s  could 
be a t t r ib u te d  to  an Inflam matory p ro cess .
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A Simmiary; o f th e  His toX o^ical Find Inga in
1:08ions o f Lyaiphoaar.coma 0:1“ the  K idneysjof the G at.
Humiber of, eases. 17
Number o f aeefcions 179*JM, am* a r v a t e w i ^ - * # n,#
C o r t ic a l  le s io n s
Focalj, i n f i l t r a t i v e  only  9
F o ca l3 d e s tru c t iv e  2
Massive* d e s tru c t iv e  6 17
O ther fe a tu re s
Subcapstxlar i n f i l t r a t i o n  4
Jux ta-m edu lla ry  i n f i l t r a t i o n  5
M edullary i n f i l t r a t i o n  1
D e ri-v a sc u la r  i n f i l t r a t i o n s  5
F ib ro s is  Ù
i  Y o
THE WNGS.
Evidence o f lyifiphosarcoma was found in  the lungs of 8 c a ts  and pulmonary 
le s io n s  were observed in  each of the  anatom ical forms o f the disease* Table 54*
In  most cases* th e re  were fax^ j macroscop ic a  1 signs o f the d isease  a p a r t  
from s c a tte re d  g rey ish  pln^^diead s ized  nodules in  the 1.ung substance. In  2 
ca se s , w ell defined  fo c i up to  0*5 cm, in  diam eter were d is tr ib u te d  sp a rse ly  
In  the parenchyma.
H is to lo g ic a lly , most o f the le s io n s  ware arranged around the sm aller 
b ronch io les and v e in s , but in  th ree  lungs the na in  le s io n s  were p resen t in  
the  a lv e o la r  f ie ld s*  The a lv e o li  were packed w ith  tumour c e l ls  and th e re  
xms s e p ta l  i n f i l t r a t i o n ,
Tm imART.
Areas o f lam ination  of the  muscle bundles o f the myocardium x^ere found 
in  th re e  c a ts .
THE BONE MAmOW*
The fem oral bone marroxg' o f 2 c a ts  was found to  be c le a r ly  i n f i l t r a t e d  
x^ith lymphoid tumour c e l l s .  In  one case , th is  I n f i l t r a t i o n  had com pletely 
rep laced  a l l  evidence o f the  foraxef riarrow a c tiv ity *  but in  the o th e r , 
la rg e /
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la rg e  fo c i  o f tmriour b la s t  c e l l s  were s c a t te re d  in  a reas o f the  marrox«7 which 
were otherx^lse h y p e rp la s t ic . Large numbers o f immature magakaryocytee were 
a lso  observed in  th i s  se c tio n .
In  se v e ra l o th e r se c tio n s  o f bane marrow xAieh had been s e le c te d  because 
of sig n s o f marked ceX X ularity throughout the  m edullary c a v i t ie s  o f  the 
femurs* h y p e rp la s ia  o f a l l  th e  normal haem opoietic elem ents was fe a tu re d .
THE TONSILS,
In  th re e  cats*  the ty p ic a l  a rc h i te c tu re  o f the  to n s i ls  had been com­
p le te ly  rep laced  by sh e e ts  o f lymphoid tumour c e l l s ,
Tm PANCREAS,
This gland was i n f i l t r a t e d  in  txm in s ta n c e s . I t  took the  form o f in tra -  
lo b u la r  and in tr a - a c in a r  i n f i l t r a t i o n  by tumour c e l l s  w ith  p ro g ress iv e  de­
s t ru c t io n  o f the g landu lar ep ltheliu i'a .
smmsxY,,
W idespread i n f i l t r a t i o n  o f t is s u e s  and organs by tumour c e l l s  as w ell 
as d is c re te  tumour masses c h a ra c te r ise d  a l l  forms o f the  d ise ase  in  the  
c a t  and ^ o s t  o f  the tumour masses xmre h ig h ly  invasive  p e r ip h e ra l ly . Thus 
i t  was im possib le to  d is t in g u is h  one form o f lymphosarcoma from another 
on h is to lo g ic a l  c r i t e r i a  in  th i s  sp e c ie s .
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TÜMOÜR CELL MOEDHOIOGY.
The. C e ll  Horphologv of F elitie  Lymphoid T ieaue.
The c e l l s  found In  the  lymphoid tissue©  Of the  h ea lth y  c a t xmre In 
alm ost every re sp e c t s im ila r  to  the  lymphoid c e l l s  o f the  dog* Hox^ever* 
in  the  u n d if fe re n tia te d  c e l l s  in  the  c a t th e re  seemed to  be le s s  chrom atin 
condensation than s im ila r  c e l l s  in  the  dog* In  addition*  th e re  was ra th e r  
more v a r ia t io n  In  the  n u c lear cytoplasm ic r a t i o s  in  f e l in e  lymphoid c e l ls  
as compared to  those o f the dog#
'Bie Dominan t Tumour  C e ll Types*
M alignant c e l l s  in  lymphosarcoma were in d is tin g u ish a b le  from normal 
lymphoid c e l l s  and they  were recognisable, as tumour c e l ls  only  by th e i r  
abnormal numbers and the  form ation o f pathognomonic c e l l  sheets*
In  le s io n s  o f lymphosarcoma o f  the  cat* i t  x^ ras r e la t iv e ly  sim ple to  
determ ine the  m a jo rity  tim our c e l l  type s in ce  th e re  xmre only sm all degrees 
o f v a r ia t io n  in  the c e l l  t^pe throughout an organ. There was a lso  u n i­
form ity  in  the c e l l  type throughout the  body in  a given case .
The dominant c e l l  type , c la s s i f i e d  aa "immature", F igure 48* or "mlKod" 
o r "m aturea" F igure 49 , in  48 c a ts  i s  shown in  Table 62. I t  w i l l  be observed 
th a t  in  none o f the  4 forms o f the  d ise ase  xme th e re  a predominance o f one 
o r o th e r  o f the  tx<?o tumour c e l l  groups. From th is*  I t  was concluded th a t  
th e re  i s  no more lik e lih o o d  o f one tumour c a l l  type, ra th e r  than  the o th e r o c c u r r i n g  i n  
the  d i f f e r e n t  anatom ical forms o f th i s  d isease  in  the cat*
There was a c lo se  r e la t io n s h ip  between the  tumour c e l l  type and the  
m ito tic  ra te*  tIiq more u n d if fe ra n t ia te d  c e l l  sh e e ts  showed a h ig h er r a te  
o f m ito s is  than  the  more mature c e l l  sh e e ts .
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TABLE 62
The D is tr ib u tio n  o f the  Tumour. C e ll Type in
the 4 Anatomical Forme o f Lymphosarcoma o f the  O at.
M u ltic e n tr ic  A lim entary Thymic A berrant T o ta lf m w w u m i ' W ' V " # " #  M I  i i w i i i » # i i i  h t m M  i p i w ^ . i      i i  m u » ' ,  i w p i . n t f n  ■ n w i n l r p  . ■ i n n i  i
Im m ture c e l l  
sh ee ts  
MlKod or m ature 
c e l l  sh ee ts  
Unident i  f l a b le
10
13
I
18
25
T o ta l cases 14 24 48
1  Q ^
SPECIAL Ex m im t io m .iiviiiijriui n i l IIP I >1 nmmnvm
Hhe E aem atological
T h irty  seven blood samples were examined from 25 c a ts  xAieh were 
subsequently  Bhomi to  have been s u f fe r in g  from lymphosarcoma. A smmnary 
of the  haemograms Is  given in  Tablas 63 and Ô4V. The normal v a lu es used 
x^ere those given fo r  the  c a t  by gchalm (1961).
The e ry th ro c y te  sed im en ta tion  r a te s  (E .S*E ,) were very v a r ia b le  and a l l  
but one exceeded lO m u/ hour. tn  w all over 50% o f the sam ples, read ings 
h ig h er than  30mm,/hour were reco rded . These read ings shox-jad a neg a tiv e  
c o r re la t io n  x?ith the  t o t a l  e ry th ro c y te  counts* F igure  50.
More than h a lf  o f the read in g s o f the  packed c e l l  volumes (D ,C .? ,)  
ware belox-? 30% and s l ig h t ly  over 1/5 gave read in g s o f le s s  than  20%. In  
30 o f the  34 samples* the haemoglobin e s tim a tio n s  were belox»? average fo r 
the  c a t and IC) o f those x^ere abnorm ally low. This trend  was follow ed in  
the  t o t a l  e ry th ro c y te  counts* where over 50% o f the  counts were le s s  than 
6 mi 1 lion/cu.m an and 33% had f a l l e n  be low 4 m ill io n  per ou.mm*
The Mean C orpuscular Haemoglobin C oncen tra tions (H*C,H,C,) and the 
Mean C orpuscular Voltmes (M X ,V .) were w ith in  the  normal ranges fo r  the 
c a t in  the  m a jo rity  o f samples* although  in  5 cases* the M.G,M,C, xms 
loxmr than  normal*
From th ese  f ig u re s  i t  xms concluded th a t  the  E«S.R. xjas r e la te d  to  the  
deg ree/
degree o f anaemia and the  loxmr the  t o t a l  e ry th ro c y te  count f a l l ,  the  h igher 
the e ry th ro c y te  sed im enta tion  r a te  ro se , The type c f  anaemia xdiich developed 
In  the  c a t  xd.th lymphosarcoma was u su a lly  a iiormocytic and normochromic one.
The t o t a l  leucocyte count was above the  Jipper l im it  fo r  the  c a t in  9 
samples» In  10 c a se s , the  a b so lu te  n e u tro p h il counts x j^ere h igher than  15,000/ 
cuamii. and In  1 samples* the  a b so lu te  lymphocyte count xms in  excess o f  7 ,500/ 
GU.ïûïïio However, in  14 out o f 36 samples * the  ab so lu te  Ijmnphocyte counts x^ere 
le s s  than 2 ,5 0 0 /cu.mm»
Lymphosarcoma in  the  c a t x^as, th e re fo re , a sso c ia te d  x-7ith com paratively  
low leucocyte  counts and lymphocytopenia xfas very  freq u en tly  observed, A 
m ino rity  o f cases showed neutropenia»
In 2 c a te ,  4 blood samples* a lyraphacytosls in  excess o f 30*000/cu.mm, 
was observed. The c i r c u la t in g  lymphoid c e l l s  in  both  anim als included  numbers 
o f ty p ic a l  lym phoblasts. In  one o th e r c a t ,  where the  lymphocyte count was 
4*900/cu.mm,, lym phoblasts rep re se n te d  17% o f the  lymphoid c e l l s .  In  se v e ra l 
o th e r blood f ilm s , 3.ymphoid c e l l s  x^ere found xAich contained  sm all n u c le o li .  
These n u c le o li  were p a r t i a l l y  obscured by clumps o f chrom atin and i t  xms 
thought th a t  the  chrom atin in  such c e l l s  was too condensed fo r them to  be 
c la s s i f i e d  u n c o n d itio n a lly  as b la s t  c e l l s .  The so -c a lle d  "smudge" c e l l s  and 
" a ty p ic a l"  lo b n la ted  lyâïîphocytes were a lso  observed. Such c e l l s  a re  by no 
means uncoximon even in  the  blood o f c a ts  which are. c l in ic a l ly  q h ite  h ea lth y  
and a re  c e r ta in ly  no t pathognomonic o f lymphosarcoma.
E o sin o p h ilic  norm oblasts were observed in  a m in o rity  o f blood film s.
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Data on the  C irc u la t in g  E: >cyces o fIf-yrdW  t*<W-y#Wki5-« t*
25 Cata S u ffe rin g  from Lymphosarcoma»
E ry th rocy te  Sedim entation 
Eatea
Dacked C e ll 
Volumes
Haemoglobin
Concentrations
1 8 4
w a,/hour SamplGS 1 Samples Sagtpl
0 - 1 < 20 7 < 4 3
10- 6 20- 11 4 — 7
20- 5 30- 11 S- 20
30- 4 40- 3 12- 4
40— ? 50- 16-
50- 3 60Î" 204
b o t 4
30 32 34
T o ta l E ry th rocy te  counts UC*H*C, M.C.V.
miX./cu.iMi. % Samples £EiJ4 s mm le
<  2 3 < 20 < 40 1
2- 7 20- 5 40— 9
4n# 8 30- 24 50- 14
6- 11 40— 2 60- 1
8— 1 5CH' 70- 1
lOk 80- 1
qo*!*’
30 31 27
41 8 5
C itc tx la tiii S iïi 23 €ai*s w ith larcoma#
T o ta l lioucocyte A bsolute N eu troph il A bsolute Lymphocyte
eouïits eoixnto counts
lO /^cu*iïiTfl* Samples 310 /eu.msnI, Samples 310 /cu.m n. Samples
< 3  5 < 5 3 <  2 .3 14
3# 23 5- 21 2 .5 - 15
23^ 4 15^ 9 7.5# 2
30- 3 25- 15 .0 - 1
75- % 35- 3 0 .0 - 1
100^ 43- X 60 .0 - 3
354" 90. e t
37 36 36
1 5 ü
TABLE G 5
Blood Bloche'mlcal T es ts  C arried  out
on 12 C ats w ith  Lyaphoaaircoma,
Blood u rea Plasma p ro te in A/0 r a t i o
âamïÊâ <^u./10Q ml,» Samples Samples^
25 3 4 0 .5 I
25- 9 4— 4 0 .5 “f 10
50- 3 5- 5 1.0 1
75- 1 6- 4 1 .5 - 1
100- 1 74" 2,0).
125- 1
150f
18 13 13
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The Blood B lochenristry.
There were te c h n ic a l d i f f i c u l t i e s  in  o b ta in in g  blood sarapleé which wete 
s u i ta b le  fo r biochem ical exaiiiinations from many o f the  c a ts ,  s ince  they were 
c r i t i c a l l y  i l l  a t  the  time o f adm ission. Because, o f th is*  r e l a t iv e ly  few 
samples were examined# The d a ta  a re  summarised in  Table 65»
The serum p ro te in  le v e ls  were low in  moat o a ses^ .b u t the  a lbum en/globulin  
r a t io s  remained w ith in  normal range* The blood u rea  leve ls*  in  12 o f the  18 
samples examined * ware le s s  than  50atg,/100 ml.
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m s CLINICAL FINDINGS.
THE DURATION OF THE. DISKASL.
The d u ra tio n  o f the  d isease  could only be measured from the  onse t o f 
the c l i n i c a l  signe u n t i l  d ea th . The d u ra tio n s  o f th is  phase o f lymphosarcoma 
o f the  c a t a re  shown in  Table 66. Tw enty-eight o f the  39 c a te  were dead 
w ith in  t  months a f t e r  the  onse t and n e a rly  40% o f the group d ied  w ith in  4 
weeks o f the  onset o f the  i l l n e s s ,  No evidence was found th a t  th e re  were 
d iffe re n c e s  In  the  d u ra tio n  o f the  d ise ase  amongst the anatom ical forms,
TEE SEK i m i m m .
The sexes o f 39 c a ts  a ffe c te d  w ith  lyxaphosarcoaia a re  given in  Table 67A 
and a comparison between th is  d is t r ib u t io n  and th a t  o f a sample of cats*  xAlch 
were adaxitted su ccess iv e ly  to  the  h o sp ita l*  i s  shox-m in  Table 67B,
The r a t i o  o f males to  fem ales in  the lymphosarcoma group x?as not s t a t i s t -
2ic a l ly  d i f f e r e n t  from the r a t i o  in  the  sample, o f admissions* "X^ < 3,84
Xifith one degree o f freedom,
From th is  I t  xms assumed th a t  th e re  was no sex incidence in  c a ts  w ith  
lymphosarcoma,
the; age DI8TRIDÜTI0N#
The age d is t r ib u t io n  o f 39 c a ts  w ith  lymphosarcoma ie  given in  the upper 
p a r t  o f Table 68, From th is*  i t  xzill be c le a r  th a t  numbers a re  too sm all to  
j u s t i f y  a s t a t i s t i c a l  a n a ly s is . U n til  more cases in  each forai o f the  d isease  
a re  studied* i t  should be assumed th a t  th e re  i s  no age incidence in  any of 
the  anatom ical forms o f the  disease* Hoxmver@ i t  w i l l  be observed th a t  3 o f 
th e /
ÎABÏE 6 6
The B uratiori o f  O vert Lympltoi^ax^coimi in  39 Cata>
Dut'afcior* i a  t?eeks, Not î:ecorded T o ta l
< 4 4*^^ 8^ 12 X6'5>
M u ltic e n tr ic 2 B I 3 11
Thysîic X 2 1 4
A lim entary 9 3 Ï 3 2 20
A berrant 3 X 4
T o ta l 23 13 1 2 3 5 39
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TABLE G ?A
The Se'K B ia tr lb ittio ii  o f 39 Gats A ffected  i^lth  Lymphosarcoma.
E n tire
Centered
Ifemales
E n tire
Neutered
Not r e corded 
T o ta l
15
9
24
6
a
<rfîyw<W**=?MfcÇ’* - 'S * ifW W ^ ^  *1
1
39
1 9 0
TABIjE 67B.
A Comparison Between the  Bex Incidence In  a Group o f Cats w ith  
Lymphosarcoma and a Group o f Cats Admitted to  th is  H o sp ita l in  
Succession fo r  Treatm ent fo r  D iseases in  G eneral.
Lymphosarcomam»i g/iwrw w kw%T(#*
Group
H osp ita l Admission 
Group ,
Hales 24 56
Female s 14 50
Hot recorded i
T o ta ls
»n ^ imcwoKW CTR WNKUR, « Ji «4m M «V x
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tlie 4 c a ts  w ith  the sO '^called thymic forra o f the  d isease  ware between 1 and 
2 years o f age, which i s  not su rp r is in g  since  the  thymus a troph ies e a r ly  under 
nom a 1 c i r  cums tance s ,
The ages o f 95 c a ts  which were adm itted  to  th is  h o s p ita l  in  succession  
a re  given in  the  lower p a r t  o f Table 68, A s t a t i s t i c a l  comparison was c a r r ie d  
out between the numbers o f c a ts  in  both the  ly^itiphosarcoma and the  adm ission 
groups to  determ ine i f  any d if fe re n c e s  could be estab lish ed ,, Four age groups 
were taken , le s s  than  1 year o ld , 1 to  5 years  o f age, 6 to  10 years o f age 
and 11 years o f age upwards. There was an obvious s ig n if ic a n t  d iffe re n c e  
between the  numbers in  the  youngest age group. In  the  o ld e r ago groups, w ith  
one degree o f freedom, 0*46 n ,s ,  in  the  1 5 year o ld  g r o u p , =? 0,0013
n,s* in  the  6 10 year o ld  group a n d " ^ ^  ™ 0.82 n ,s .  in  th e  o ld e s t  age group.
From t h i s , i t  could be concluded th a t  in  c a ts  w ith  lymphosarcoma which 
a re  adm itted  to  th is  h o s p i ta l ,  th e re  I s  a low incidence in  anim als under 12 
months, but th e re  I s  n e ith e r  a h igher nor a lower incidence o f th is  d isease  
o f the c a t  a t  th is  h o s p i ta l  than  would be expected from the ages o f c a ts  which 
have been adm itted fo r  d isease  co n d itio n s in  general*
THE SY m îM B  ASSOCIATED WITH m#HOSAKGOMA OF THE OAT
A smtmary o f the  main c l i n i c a l  s ig n s  and symptoms o f 38 cases o f the 
d isease  i s  p resen ted  in  Table 69* In  3 cases  ^  a lthough a p o s t4,mortem exam­
in a tio n  had been c a r r ie d  o u t, only a genera l p a th o lo g ica l re p o r t  was a v a i la b le , 
bu t death  was due to  lymphosarcoma*
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A b a s ic  syndrome was observed in  alm ost a l l  of the c a ts  where lyriipho^ 
sarcoma was allowed to  reach  an advanced s ta g e * There was p ro g ress iv e  lo ss  
o f bod ily  coiiditioxi u n t i l  em aciation  was so marked th a t  the  o u tlin e s  o f the 
bones o f the  head, sp in a l column and p e lv is  became prom inent and re a d ily  
palpable* Abdominal f a t  was a lso  g rad u a lly  l a s t .  This d ise a se  was a fe b r i le  
and accompanied by marked le th a rg y  and d ep ress io n .
The A d d itio n a l F ea tu res  in  the D iffe re n t P a tte rn s  o f the D isease,
In  the  f e l t i c e n t r i c  form* th e re  was enlargem ent o f the s u p e r f ic ia l  
lyttîph nodes, In c lu d in g  the  .ra:?^lllary and s u p e r f ic ia l  Ingu ina l nodes, in  the 
m a jo rity  o f case s . There was seldom any obvious rea so n , such as in f e c t io n ,  
to  account fo r  the  lym^phadenopathy and the  nodes were u su a lly  b i l a t e r a l l y  
s y m ie tr ic a l,  firm , r e l a t iv e ly  m obile and p a iîa le ss . In  some o f the  c a ts ,  
the  in c re ase  in  lyaiph node s is e s  was on ly  m oderate. In  6 of the  11 cases 
the  en larged  m esen teric  lymph node could be p a lp a te d  and re a d i ly  Id e n t i f ie d  
as such. R esp ira to ry  signs were observed , ^ p a rticu la rly  in  those cases where 
a tumour mass was a lso  p re se n t In  the  a n te r io r  medlastintvti. This so -c a lle d  
thymic mass pa lp ab le  a t  th e  a n te r io r  i n l e t  o f the tho rax  ;lu a  few c ase s . 
In  the  ffiulfciccntric ty p e , the  onse t could be c i th e r  sudden o r g radual. 
T h ir s t ,  d ia rrh o ea  and vom iting were no t common symptoms. In  2 c a ts ,  the  
raucous membranes were pa le  and the  to n s i l s  were found to  be en larged  in  2 
o th e rs . In  one c a t ,  th e  e y e lid s  were sw ollen .
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Xu è  o f the  c a ts  a the  mala tumour masr was cen tred  In  the a n te r io r  media#^ 
ctlimm. This was the. ‘’thymic form’* and the  p re sen tin g  symptoms were :<'es“ 
p ira to ry . Dyspnoea was caused by the space occupying e f f e c t  o f the  mass 
in  the  c h e s t, This mass could ba p a lp a ted  a t  the base o f the neck x^here i t  
p ro truded  through the th o ra c ic  i n l e t .  The w asting  syndrome was observed 
in  th re e  o f these, c a ts  but one p resen ted  re s p ira to ry  symptoms xjhieh were 
so severe  th a t  i t  x^as destroyed  w h ils t s t i l l  in  good bod ily  condition*
The a lim en tary  form was c h a ra c te r ise d  a t  post-mortem exam ination by 
gross i n f i l t r a t i o n  o f the  m esen teric  lymph uodog the  a lim en tary  tra c tj, or 
both the  node and the  t r a c t .  Tumours a t  these  s i t e s  were no t c o n s is te n tly  
a sso c ia ted  x^ith severe  diarrhoea* In  only 6 o f the  eases was p e r s i s te n t  
d iari'hoea recorded w h ils t  the  animal was in  the  h o s p i ta l ,  although a h is to ry  
o f diarrhoea, x{?as given in  most in s ta n c e s , tn  h o s p ita l is e d  e a t s , th e re  xms 
u su a lly  inappetence and very  l i t t l e  evidence o f faeces w ith in  the  la rg e  
i n te s t i n e , Three of the  anim als showed marked t h i r s t ,  bu t vom iting xms never 
excessive  and was noted in  le s s  than  50% o f the  cases. A firm , p a in le s s  
and mobile, mass was pa lpab le  in  14 o f the  19 c l i n i c a l  cases and an en larged  
sp leen  x^as p a lp a ted  in  one c a t ,  The onse t was described  as sudden in  12 cases .
The a b e rra n t forma o f the d ise a se  was a sso c ia te d  w ith  i n f i l t r a t i o n  of 
the l iv e r  in  each c a t ,  bu t the l iv e r s  were never g ro ss ly  enlarged* tn  one 
o f the  an im als, the  l e f t  kidney was markedly enlarged  and in  a n o th e r , a fore* 
limb and the  subm a'^illary and p rescap u la r nodes on the same s id e  o f the body 
Xfcre a f fe c te d .
X y  D
Where le s io n s  o f lymphosercome in  the  kidneys were m assive, th e re  were 
c l i n i c a l  s igns of uraemia te rm in a lly .
A sc ites  was observed in  2 cases of the m u ltic e n tr ic  type and 4 cases o f
the  a lim en tary  #om , %^drothorax was found in  2 cases o f the  m u lt ic e n tr ic
type , one in  the “thymic’* form and two in  a lim en tary  cases, Pale mucous 
membranes were found p a r t ic u la r ly  in  the  a lim en tary  form of the  d ise ase . 
Jaundice was not observed in  any c a t w ith  the d ise ase .
DIAGNOSTIC MARKERS.MiW w» t f c < 4 - j ^ x x f n r ' * ' r f  sa&unvftfn
Patliognomonic changes, both q u a l i ta t iv e  and q u a n ti ta t iv e , in  the lymphoid 
c e l ls  o f the  pe^ripharal blood d id  occur in  th is  d ise a se , but the  Incidence 
was too low fo r blood to  be used as a d iag n o s tic  to o l,
C onfirm ation of the d iagnosis  o f lymphosarconia depended alm ost e n t i r e ly
on h is to lo g ic a l  c rlfc e ris  and acco rd ing ly , d iag n o s tic  methods must be designed 
to  s e le c t  the b est t is s u e s  fo r th is  purpose. Because of t h i s ,  the su b d iv is io n  
o f the cases in to  th e i r  anatom ical forms was Ju s tif ie d *
Mtere th e re  was b i l a t e r a l  enlargem ent o f  the  s u p e r f ic ia l  lyx#h nodes, 
a biopsy of an enlarged lymph node could e s ta b l is h  a d iag n o sis , ü n lik e  the 
dog, in c rease  in  s is e  o f a l l  the  s u p e r f ic ia l  lymph nodes was not patho** 
gnoBionic fo r lymphosarcoma in  the  c a t .  In  th is  l a t t e r  sp e c ie s , th e re  were 
cases x^ yhere gross h y p erp la sia  o f the  lymph nodes was found, bu t th e  nodes 
Xi^ ere simply h igh ly  re a c tiv e  h is to lo g ic a lly *  Thio s i tu a t io n  must be d if fe r*  
e n tia te d  from th a t  h is to lo g ic a l  fomn o f  the  d isease  which i s  a sso c ia ted  xvith 
nodes packed w ith  tumour f o l l i c l e s  and which resem bles g ian t f o l l i c l e  lygiphoma 
in  man.
X y 6
In  the  case of the a lim en tary  fo m  of lymphosarcoma in  the. c a t ,  the  
in te s t in e s  or the m esenteric  lymph nodes were c o n s tan tly  involved in  the 
tumour p ro c e ss , T herefo re , ex p lo ra to ry  laparotomy and h is to lo g ic a l  exam­
in a tio n  of suspected  tumour tissueweor.e necessary  to  e s ta b l is h  a d iag n o sis .
The “ thymic” type could be diagnosed w ith  reasonab le  confidence by 
ra d io lo g ic a l  exam ination of the  thorax  o f the  stan d in g  c a t  a f t e r  any f lu id  
p resen t in  the p le u ra l  c a v i t ie s  had been d ra ined . A tumour mass in  the 
a n te r io r  m ediastinum o th e r than  lymphosarcoma i s  r a re  In  the c a t ,
P o s itiv e  d iagnosis  o f the  a b e rra n t form o f the  d isease  was p o ss ib le  i f  
th e re  were s u p e r f ic ia l  le s io n s  o r i f  the  kidneys were g ro ss ly  A ffected  and 
palpable* O therw ise, th is  c o n d itio n  was d i f f i c u l t  to  d is t in g u is h  from any 
o th e r d e s tru c tiv e  le s io n  of the  liv e r*
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% «r'jwemwwt* 69
fctiber o f cases
Onset
Budden
Gradual
Not recorded
E 2 â â iL S 2 S S tiS a
Obese
Good
F a ir
Emaciated 
Not recorded 
Demeanour 
A le rt 
D ull
Hot recorded
Fever
P resen t 
Absent 
U ndulating 
Hot recorded
S M a g x . o£,, thg,...Gte^
o f 38 Cats tr ith  Ivmnhosgrcoma.
Ssü£^ ssÊEâ£ Bffiia âiiSÊHÊsœ âtess. Mal
11
10 4
19
12
6
1
2
17
16
I
la
4
4
2
4
4
38
19
16
4
4
29
1
6
31
1
I
36
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M x lfcicentric Thymic :ary A berrant T o ta l
Good
Poor o r absen t 
V ariab le  
Not recorded  
T ftir s t
Normal 
Excessive -h 
Excessive. 
E xcessive 34» 
Hot recorded
Ernes i s
Hone
O ccasional
Frequent
Repeated
Hot recorded
Faece^
Normal o r absen t
D iarrhoea
Haemorrhagio 
d ia rrh o ea
*ty«.$6FfrBsb^.T#X>l 4«N«ielV*WWIW^*We5i*^t^"lf.' etr^uU M  n  3N^>
I
16
9
13
6
4
5
30
2
1
26
25
12
28
9
1
Mid^abdominal mass 6 0 1 4 l e f t  kidney 21
J. tl 8
Hepatomegaly
Splenomegaly
Ho abnorm ality  
d e te c te d  3
A sc ite s  2
Eesplratos^ system
Tacliyptioea 4
Dyspnoea 1
Cough 4
Hydro th o rax  2
Cyanotic
MESiÜE-SîiEgsSSââllymph nodes. 11
P ale  mucosae 2
E nlarged to n s i l s  2
f in a b le  thymic ’mass 3
&&&.
C orneal u lc e ra t io n  
Swollen e y e lid s  1
M ultieen triO ' Thymic A lim entary
4
5 1
4 5
4
I
1 
Z
2
9
4 
6
15
Ô
5
6 
6 
5
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CLINICAL AND PATHOLOGICAL RELATIONSHIPS,
THE RELATIONSHIP BETWEEN AÇE AND DURATION.
Table 70 shows the  re la t io n s h ip  between the  d u ra tio n  o f the  c l i n i c a l  
phase o f lymphosarcoma in  36 c a ts  compared w ith  th e i r  ages. Ho s t a t i s t i c a l  
d if fe re n c e  was found between 2 age groups, le s s  than  5 y ears  and 5 years 
and over* -  < 1 w ith  one degree o f freedom. Thus, th e re  i s  no d if fe re n c e  
in  the  d u ra tio n  o f the d isease  in  younger as compared to  o ld e r  cats,
TABLE 70,
The D uration o f Overt LymplioearcomaII AiwrrHd     i
in  36 C ats Compared w ith  Age,
Less than 5 
y ears  o f age
b years 
and over Not recorded T o ta l
D uration  in  
weeks
D uration  n o t 
recorded
T o t a l
< 4
3.2-
4
1 9
7
4
2
2
1
1 6
15
11
1
2
2
5
3 6
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CELL T im .
The d u ra tio n  of the  c l i n i c a l  phase o f lyiBphosarcoma in  36 c a ts  was 
compared w ith  the  dominant tumour c e l l  type and the  r e s u l ts  a re  p resen ted  
lu  Table 71» Where the  dominant tumour c e l l  was “ imm ature,” 11 o f the  15 
cases d ied w ith in  2 months a f t e r  the. onse t o f the  symptoms of the d ise a se .
In  those in s tan c es  in  which the  tumour c a l l  type was “mixed or m ature/* 14 
o f the  20 c a ts  d ied w ith in  the  same p e rio d , Ho s t a t i s t i c a l  d if fe re n c e  could 
be found between the  two grotips^'X-'* », o ,ô5 w ith  one degree of freedom and 
i t  can be concluded th a t  a knowledge o f  the  dominant tumour c e l l  type i s  of 
no va lue  in  p re d ic tin g  the d u ra tio n  o f the  I l ln e s s .
TABK 71.J»
The D uration of Overt %nmhosarcoma in  36 Oats 
Compared w ith  the  Dominant Tumour C e ll Type*
D uration  in  weeks
le s s  than 4 4*« 8»^  12*« 164 Hot recorded  T o ta l
Immature c e l l s
Mixed or m ature 
c e l l s
U n id en tif ied
T o t a l
6 5 4
18 6 1 2 2 
1
1 5  1 1  1 2  2  5
15
20
1
3 6
% u %
DISGÜSSIQN,
From th i s  s tu d y g i t  would appear th a t  th e  d ise a se  o f  the  c a t ,  which 
has been termed lymphosarcoma, I s  c h a ra c te r is e d  both by the  form ation  o f 
d is c re te  ttm ours in  v a rio u s  s i t e s  in  th e  body and a lso  x-?idespread in f  i l*  
t r a t lo n  by tumour c e l l s  in to  organs and tis su e s*  A ll forms o f lymphoid 
c e l l s  were observed In  the. tumour le s io n s  and I t  was n o t found p o ss ib le  
to  e s ta b l is h  any re la t io n s h ip  between th e  dominant tumour c e l l  ty p e , which 
tended to  be r e l a t iv e ly  uniform  throughout the  body and the  d u ra tio n  o f 
the  o v e rt phase o f the  d ise a s e . In  th e  m a jo rity  o f  c a se s , the h is to lo g ic a l  
p ic tu re  was one o f uniform  sh e e ts  o f lyaiphoid c e l l s ,  but in  a  fexf c a se s , 
fe a tu re s  in  the  lymph nodes s im ila r  to  those  o f g ia n t f o l l i c u l a r  lymphoma 
Xfore observed. In  the  c a t ,  th i s  raay w ell prove to  be a pre.*lymphosarcoma- 
tons s t a te  as i t  o f te n  i s  in  man.
Gases were subdiv ided  on the  b a s is  o f the  p a tte rn s  o f the. gross le s io n s  
In  o rd er to  i l l u s t r a t e  th e  d i f f e r in g  m an ife s ta tio n s  o f the  d isease*  This 
i s  o f  some im portance In  d i f f e r e n t i a l  d iag n o sis  and In  choosing th e  b est 
t is s u e  fo r  b iopsy . There was no evidence to  suggest th a t  the  su b d iv is io n s  
revea3*ed d i f f e r e n t  e n t i t i e s  and the  c o n d itio n  was regarded  sim ply as a s in g le  
d isease  com;?lex, U n til  th e  a e tio lo g y  i s  c le a r ly  e s ta b lis h e d  and the  pa tho ­
genesis worked out 5 th e re  i s  no p o in t in  looking  fo r  su b tle  d if fe re n c e s  
which might be thought to  j u s t i f y  the  use o f th e  terms v is c e r a l  lympho­
sarcoma, lym phatic leukaem ia, o r m alignant lymphoma to  d e sc rib e  one or 
o th e r  o f the  v a rio u s  m an ife s ta tio n s  o f th i s  d ise a se .
a  if i f
The r e s u l t s  o f th i s  in v e s tig a t io n  correspond c lo se ly  w ith  those pub­
lish e d  by the Boston xjorkers. They a re  a lso  in  agreement xfith the  observations 
of G otchin.
As Is  the  case in  the dog, none of the d iag n o s tic  t e s t s  in  c u rre n t use 
p e rm itsd iag n o sis  o f lyivphosarcoma a t  a s tag e  vjhen th e ra p e u tic  or su rg ic a l  
measures could be expected to  be o f va lue  in  p ro longing  l i f e .  Once a pa lpab le  
tumour develops or the  c h a r a c te r i s t i c  symptoms beg in , than th is  m alignant 
d isease  has a lread y  reached a s tag e  where i t  must inevltab3.y prove f a t a l .
T ests  to  determ ine the  pre«sarcom atoue or la te n t  phase o f the  c o n d itio n  
w i l l  have to  be developed, but th i s  -will no t be p o ss ib le  u n t i l  much more 
i s  knoxmi o f the  pathogenesis o f th is  d ise a se .
A gmü&mam&Y ksporï om mMSMigsioüi E3tgBa»BBa'S 
m m  rnuKAEMiA ( m m o s M o o m )  m  tig caî.
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INTRODUCTION.
As p a r t  o f a long term re se a rc h  programme designed to  t e s t  the  hypo thesis 
th a t  lymphosarcoma in  the  dom estic manmals i s  caused by an in fe c t iv e  ag en t, 
c a t s ,  dogs, p ig s  and c a t t l e  have been used fo r  tran sm iss io n  esîperim etits,
One o f the  o b je c tiv e s  has been to  induce fast*grow ing tumours In  sus* 
cep t  lb  le  anim als o f  a given sp ec ies  by the  in o c u la tio n  o f m a te r ia ls  prepared  
from tumour t is s u e s  taken  from spontaneous cases o f  the d isease  in  the  same 
sp e c ie s . R apidly  developing tumours would be h a rv e s te d , processed  and in ­
ocu la ted  once more in to  s u s c e p tib le  an im als. A fte r one o r more passages, 
the speed o f growth o f  the  tumours and the  v iru le n c e  o f an in fe c tiv e  agent 
m ight become enhanced whereby h igh  t i t r e  f i l t r a t e s  could be o b ta in ed . Mien 
th i s  s tag e  x^as reached , c o n tro lle d  esîperlments could then  be c a r r ie d  ou t to  
prove the  hypothesis* In  a d d it io n , the  pathogenesis o f  the d ise ase  could 
bo e s ta b lis h e d  in  d e ta i l  and s e ro lo g ic a l  and foiocheBiical t e s t s  could be 
devised as e a r ly  d ia g n o s tic  tiarkers*
During the  course o f such esqiorim ents, tumours would be examined in  the  
e le c tro n  m icroscope to  a s c e r ta in  i f  any v i r u s ,  o r v i r u s - l ik e  p a r t i c l e s ,  were 
p re se n t in  the. tumour c e l l s  which would a ls o  be groxm a r t i f i c i a l l y  to  f in d  
out i f  any c y to lo g lc a l o r c y to p a th ic  changes could be observed which might 
in d ic a te  th a t  v iru s  p roduction  or re le a s e  was in  p ro g ress .
Exaftvinations xmuld a lso  be c a r r ie d  out to  f in d  any c l i n i c a l  o r haema- 
to lo g lc a l  Biarkers which could in d ic a te  the  onse t o f the  experim en tal d ise a se .
This i s  an in te r im  re p o r t  on a  s e r ie s  o f experim ents In  the e a t  which 
xms begun in  1961 and i s  to  be continued fo r  se v e ra l years*
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m iERiAïs AS® lœraoBS.
Timiour tiesuovS were harvested  asep tlcaX ly  from c a ts  w ith  n a tu ra lly  
occu rring  and experim ental ly^Bphoearcoma, P rep ara tio n s  from these  t is s u e s  
were inocu la ted  in to  k i t te n s  during  th e i r  f i r s t  day o f l i f e .  Such k i t te n s  
were born a t  an is o la te d  c a t te r y .  Surrounded by double fencing , which was 
located  some 12 m iles no rth  o f Glasgow. They were housed and rea red  a t  
these  premises*
During the course o f experim ents, c l in i c a l  and haeraatological exam inations 
were c a r r ie d  out re g u la r ly , H aesiatological exam inations were perfom ed  on 
free  flow ing blood from venepucture o f one o f the s u p e r f ic ia l  ve ins on the 
e x te rn a l aspec t of the pinna o f the  e a r . T o ta l e ry th ro cy te  and t o t a l  leuco­
cyte counts were c a rr ie d  out w ith  an e le c tro n ic  p a r t ic le  counter as described  
in  P a r t 3 and the  i n i t i a l  1:500 suspension o f blood in  phosphate buffered  
s a lin e  was prepared a t  the  c a t te ry  from whole blood. The was e s ­
tim ated by the Hawksley m icrohaem atocrit method, a f t e r  F ish er (1962), Oxy- 
haemoglobin was measured by the  method described  by B ell a t  a l  (1945).
Thin blood fliras were made a t  the  c a t te ry  and la te r  s ta in e d  w ith  
l^ishmian'e s ta in  in  the  lab o ra to ry . A d i f f e r e n t i a l  leucocyte count was 
c a rr ie d  out a f t e r  the method of B a d e  (1963). A minimum of 400 white c e l ls  
was counted on each film , but only .on those where leucocyte morphology was 
e x c e lle n t.
A group of a d u lt male and female c a ts  wwaa c o lle c te d  in  the  e a r ly  p a r t
o f /
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o f the  p ro je c t  and in troduced  in to  th e  c a t te r y  a f t e r  a p e rio d  of quarantine* 
These anim als have been kep t to  p rov ide  su ccess iv e  l i t t e r s  o f newborn k i t te n s  
as f re e  o f d ise a se  as possib le*  Ho a d u lt  c a t  i s  now adm itted  to  the  c a t te r y  
before  undergoing a  prolonged p e rio d  o f  s t r i c t  i s o la t io n  and observation*
At the  time o f x<?riting, Ju3.y, 1965, the  p re lim in a ry  r e s u l t s  o f  two o f 
the  o r ig in a l  escperiments a re  a v a ila b le  and c e r ta in  r e s u l t s  from subsequent 
expex*imehts ;
KKPEEMHT QMS*
This was an i n i t i a t i o n  experim ent in  which m a te r ia l  was p repared  from 
a f i e ld  case  o f  lymphosarcoma in  a  c a t  and subsequen tly  in o cu la ted  in to  
k i t te n s  le s s  th an  12 hours a f t e r  they  were born*
M ate ria ls  and Methods »
The passage m a te r ia l  was ob ta ined  from a  female c a t ,  aged 8*5 y e a rs , 
number 19377, which had a lesion^: complex o f a  la rg e  a n te r io r  m e d ia s tin a l 
mass in  the  p o s i t io n  o f  the  o r ig in a l  thymus, m u lt ic e n tr ic  lyiaph node in v o lv e ­
ment and sp le n ic  enlargem ent. This I s  one o f  th e  common p a tte rn s  o f  the  
d ise a se  observed in  th i s  sp e c ie s . Lymphoblasts were the  predom inant c e l l  type .
The m e d ia s tin a l tumour mass Was removed a s e p t ic a l ly  Im mediately a f t e r  
death  and was s to re d  fo r  5 days a t  -40^C* I t  was then  d iv ided  in to  sm alle r 
p iec es  and s to re d  fo r  66 days in  50% g ly c e ro l and 0 ,1  H phosphate bu ffe red  
s a l in e  (pH -  6 .8 )  a t  -  lO^C* A 1/10 suspension  in  0 .1  M was p repared
by/
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by hand g rin d in g  in  a m ortar and th i s  was c e n tr ifu g e d  fo r  30 m inutes a t
2,000 % g, The su p ern a tan t was removed and s to re d  fo r 24 hours a t  *40^C 
before  u se .
Each o f  4 k i t te n s  in  a  l i t t e r  was in je c te d  w ith  0 .5  ml. o f th e  su p er­
n a ta n t subcutaneously  over the  r ib s  w ith in  12 hours o f b i r th .  The anim als 
were re a re d  as a  group,
C lin ic a l  Obseryations^.
The k i t t e n s  were numbered 19377/9, / lO , / I I  and /1 2 . They grew w e ll 
and were weaned a t  the  age o f  seven weeks, Mien they were s ix  months o ld , 
ro u tin e  c l i n i c a l  and haem atq log ical exam inations were begun and th ese  were 
continued throughout the  experiment*
S ix  months a f t e r  in o c u la tio n , 9, 10 and 12 had re a d i ly  pa lp ab le  super­
f i c i a l  lymph nodes and 9 and 12 had sp le n ic  enlargem ent, S h o rtly  th e r e a f te r ,  
o ccasio n a l sn ee rin g  and coughing occurred  in  a l l  four k i t te n s  and they de*^  
veloped d ia r rh o e a f  th ese  s ig n s  p e r s is te d  throughout the ezqperlment. By 
th e  7 th  mouth, k i t t e n  9 had se v e ra l pea«tsised nodules in  i t s  abdomen and 
k i t t e n  10 had au e a s i ly  p a lp ab le  sp leen  and a  mass in  the  a n te r io r  abdomen 
which was e s tim ated  to  measure 7 cm. long by 2 cm. in  d iam eter. Number 11 
had two sm all nodules in  th e  p o s i t io n  o f  the  main m esen teric  lymph nodes and 
12 had a mass s im ila r  to ,  b u t more m obile th an , th a t  of k i t t e n  10, These 
nodules continued  to  en la rg e  and th e  faeces^xem ained loose . There were 
spo rad ic  a tta c k s  o f fo e t id  d iarrhoea*
In  the  n in th  month, k i t t e n  11 was found dead one morning w ithou t having 
p re v io u s ly /
p rev io u s ly  sliat'Xi any s ig n s  o£ acu te  d isease*  In  the succeeding  th re e  m onths, 
the  abdomlna?* dw ellings end sp le n ic  enlargem ents in  the  rem aining c a ts  baeame. 
more marked, and again  th e re  were sp o rad ic  ep isodes o f a n o re x ia , severe  
d ia rrh o ea  and in te r m i t t e n t , t r a n s ie n t  p y rex ia .
In  th e  12th month, k i t t e n  9 was heard making c ry ing  somtds as i f  in  
pain; a t  th i s  tim e a mass in  th e  m esen teric  lymph node areàawas c le a r ly  
p a lp a b le . W ithin a few days, t h i s  anim al was found dead» From then  on, 
k i t te n s  10 and 12 showed p ro fu se  d ia rrh o e a , They were a n o re c tic  much o f 
the  time and lo s t  w eight.
In  the  15th month, k i t t e n  10 was considered  to  be in  the  te rm in a l s tag e  
o f lymphosarcoma. D iarrhoea , dehydra tion  and ano rex ia  had produced a th in  
anim al. The main abdominal m ass, the  su rrounding  abdominal nodes and se v e ra l 
o f th e  s u p e r f ic ia l  nodes could a l l  be c le a r ly  d e lin e a te d . Gross splenomegaly 
was p re s e n t. In  o rder to  o b ta in  f re s h  m a te r ia l  fo r  e le c tro n  m icroscopy> 
fu r th e r  tran sm iss io n  esEperiments and t i s s u e  c u l tu r e ,  k i t t e n  10 was d e s tro y ed .
Over the  fo llow ing  3 m onths, th e  so le  sw ry ivo r, k i t t e n  3,2, g rad u a lly  
lo s t  b o d ily  c o n d itio n  a lthough  i t  remained a l e r t  and in te re s te d  in  i t s  
su rro u n d in g s. I t s  s u p e r f ic ia l  lymph nodes we.re p a lp ab le  and th e  m id-abdominal 
mass s t i l l  p e rs is te d ,
E ighteen  months a f t e r  th e  s t a r t  o f  the  experlm eiit, k i t t e n  12, which had 
by now become Very th in ,  began to  d e te r io r a te  ra p id ly . I t  re fu sed  food and 
f lu id s  and was dying* I t  was destro y ed .
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H aem atological F in d in g s .
Normoblasts were found in  v ary ing  numbers in  many o f th e  blood fiUms, 
a lthough  th e re  were no o th e r In d lc a tio a s  o f anaemia except fo r k i t t e n  10 
where a te rm in a l anaeBnia was unaccompanied by a norm oblast resp o n se . Ai'iis- 
o c y to s is  was observed in  some o f the  f i lm s , but th e re  was no evidence o f the  
p resence o f  Eperythroaoar. feX is in  the  red  c e l lo ,
N eutrophilia.a > 15,000 n eu tro p h ils /cu .m m ,, was p e r s i s te n t  in  k i t t e n  10, 
bu t \m& observed r a r e ly  in  th e  o th e rs , None o f the k i t te n s  showed a lympho­
c y to s is  , > 10,000 lymphocytes/cu.nsB#a or s ig n s  o f subleukaem ia. An o ccasio n a l 
la rg e  lymphoid c e l l  was id e n t i f ie d  which had some o f the c h a r a c te r i s t i c s  o f  
a b la s t  c e l l ,  b u t i t  was more d i f f e r e n t ia te d  than  a modal lym phoblast, This 
was n o t in d ic a t iv e  o f leukaem ia, s in ce  such c e l l s  can be found in  sm all numbers 
in  the  p e r ip h e ra l  blood o f some h e a lth y  c a ts ,  Some o f  the blood c e l l s  o f 
e a t  /lO  a re  sh o w  in  F igures 51, 52 ^  53 and 54,
The Pat h o lo g ic a l F ind ings ,
The P a th o lo g ic a l F ind ings,
Dost-mortern re p o r t  on k i t t e n  19377/9* T his was the  second member o f 
th e  l i t t e r  to  d ie  and i t  was 12 îtionths o ld  a t  the  time o f d ea th . At the 
post-m ortem  examinationg the  m esen teric  lymph nodes were en la rg ed , the  
main node being 8 cm, long and 1.5 cm. in  d iam ete r. The c e n tr a l  p a r t  o f 
th is  node was com pletely occupied by w hite tum our-like  t is s u e  and the  taedulla 
could only be d iscerned  a t  i t s  ends. The s u p e r f ic ia la  a n te r io r  m ed ia s tin a l 
and p a ra -a o r t ic  3*ymph nodes were m oderately  en larged  and were speckled  red  
and w hite on th e i r  su rfa c e s . In  most nodes, the  m edulla could s t i l l  be 
recogn ised /
ft* JL 1/
recoipaised as a narrow c e n tr a l  l in e ,  The sp leen  was enlargedp th ickened , 
deep %‘ed tin co lou r and had markedly h y p e rp la s tic  #% lpighian éo rpusclee  
p ro tru d in g  from I t s  ou t su rfa c e . The l iv e r  was p a le , f r ia b le  and rshowed 
in tensive, lo b u la r d e lin e a t io n , The B eyer’s B atches, e s p e c ia l ly  in  the 
lower p a r t  o f th e  jejunum, were p la q u e - lik e , en larged ,and  s o f t .
The le s io n  which probably  r e s u l te d  in  death  was a severe  n e c ro tic  
p a n c r e a t i t i s  w ith  a sso c ia te d  f a t  n e c ro s is * S evera l sm all, y e t  en la rg ed , 
lymph nodes were c lu s te re d  around th e  coamion b i le  d u c t. However, the  duct 
was n o t occluded.
H is to lo g ic a l exam ination confirrasd the  presence o f n e c ro tia in g  pan­
c r e a t i t i s  and th e re  was a ls o  p re se n t a p e c u lia r  type of sub -acu te  c y to ly t ic  
n e c ro s is  o f th e  l iv e r .  This was c h a ra c te r is e d  by a red u c tio n  in  the  numbers 
o f h e p a tic  cord  c e l l s  w ith  g re a t in c re a se  in  s is e  o f th e  su rv iv in g  c e l l s ,  
Biany of which were m a ltin u c le a te d . In  a d d itio n  to  t h i s ,  th e re  was marked 
i n f i l t r a t i o n  o f lymphoid c e l l s  in to  the  p o r ta l  t r ia d s  and th e  s in u so id s , 
F igure 55» The main m esen teric  lymph node was s im ila r  in  many re sp e c ts  
to  th a t  o f the  donor c a t  from which the  inoculum was d eriv ed . There was 
some replacem ent o f  the  m edulla by cords and sh e e ts  o f c e l l s  ex tend ing  
from the  c o rte x . In  the  c o rte x , s e v e ra l a reas  showed n e c ro s is  and c y to ly s is .  
Germinal f o l l i c l e s  were only  o c c a s io n a lly  p re se n t and these  ware i r r e g u la r  
and n o t surrounded by the  u su a l rim  o f sm all lymphocytes. The sp leen  con­
ta in ed  en la rged  M alpighian bodies and the  pulp was packed w ith  c e l l s ,  Btsny 
o f which Tfore k a ry o rrh e c tic . No ab n o rm a litie s  were found in  e i th e r  kidney. 
The/
a  ±  1
The p laq u e -lik e  le s io n s  taken from the  sm all in te s t in e  co n sis ted  o f a 
stream ing out o f lymphoid c e l l s  throughout the  whole th ickness o f the  
mucosa. They had pushed a s id e  and rep laced  the  c ry p ts . The lungs showed 
se v e ra l p e riv a sc u la r  aggregates o f lymphoid c e l l s .
kemj e a aort on A & anqo .. I’h le  animai vats th e  th ir d  in
the  group to  d ie  and i t  %vas destroyed  so that, f re sh  t is s u e s  would be ob tained  
fo r  e le c tro n  microscopy, tran sm iss ion  experim ents and t is s u e  c u ltu re  work.
At the  post-mortem exam ination th i s  was found to  be a ty p ic a l  case o f 
advanced m u ltic e n tr ic  lymphosarcoma, F igures 56, 57, 58 and 59* A ll o f the 
carcase  lymph nodes were involved and were Bioderately en larged , e .g .  the  
aubîïîaucllbular and re tropharyngea l lymph nodes each measured approxim ately 
1.5 X 1 .0  % 1.0 cm.
The main mass was a g ro ss ly  enlarged  and tum ified  B iesenteric node which 
measured 12 cm. long and 3 cm. in  d iam eter. On se c tio n , th e re  was t o t a l  lo ss  
o f co rtico -m edu lla ry  d i f f e r e n t ia t io n  and the  e n t i r e  node-was f i l l e d  w ith  a 
h igh ly  c e l lu la r ,  p a le  yellow , homogenous t is s u e .  î to y  o th er lymph nodes, 
which are  no t norm ally prominent in  the  m esentery, had become markedly en­
larged . A ll the o th er abdominal lymph nodes were a lso  en larged  and v is ib ly  
involved in  the tumour process* The sp leen  was g ro ss ly  enlarged  and extended 
to  the m id -line  behind the  um bilicus, and was o f th a t  deep red -b lu e  colour 
o ften  observed in  lymphosarcoma. I t  was 5 cm, wide and 0 .9  cm. a t  i t s  
g re a te s t  w idth. On se c tio n  the  pulp was dominated by g ro ss ly  en la rged , 
p ro tru d in g , y e t d is c r e te ,  M alpighian bodies*
The B eyer'8  Batches throughout the  sm all in te s t in e  were en la rg ed  and 
prom inent and 2 o f  them were developing in to  g ross tumours; one ly in g  25 cm. 
and the  o th e r  40 cm* from th e  i le o -c o lo n ic  junction*  The l iv e r  x*?as very  
p a le  in  c o lo u r , b u t p resen ted  no siaeroscopiea'i evidence o f tumour in f i l t r a t io n , .
There was a  sp h e r ic a l m ass, m easuring 2 ,5  cm. in  d iam ete r, on the  s i t e  
o f the o r ig in a l  thymus in  the  a n te r io r  Biediastinum and on s e c t io n , th is  was 
found to  be com pletely composed o f tumour t i s s u e .  This may have been the  
thymus or one o f the a n te r io r  m e d ia s tin a l lymph nodes. The r e s t  o f the  
b roncho-m ediastinal nodes v&ve a ls o  en larged  and tu m ified , Both to n s i l s  
were p a le  and tra n s lu c e n t and they  had emerged from th e i r  c ry p ts . The marroxf 
was p a le  p in k , homogenous and i t  f i l l e d  a l l  th e  m edullary c a v i t i e s .
H is to lo g ic a l ly 3 a l l  th e  lymph node se c tio n s  revealed  the  p resence  o f 
ty p ic a l  lymphosarcoaia.. The g en era l a rc h i te c tu re  and c o rtico -m ed u lla ry  d i f f e r ­
e n t ia t io n  had d isappeared  in  most cases and the  nodes x r^ere packed w ith  uniform  
sh e e ts  o f extrem ely immature lymphoid c e l l s .  F igures 60 and 61, In  a  few 
s e c t io n s , th e re  x-^ as s t i l l  evidence o f m edullary  pegs in  the c e n tre  o f the  
nodes, b u t they  were f i l l e d  w ith  ty p ic a l  n e o p la s tic  c e l l s .  S c a tte re d  here  
and th e re  over the  tumour c e l l  s h e e ts , ware fo c i  o f medium and sm all lympho­
cy tes  which xmre thought to  be v e s t ig i a l  f o l l ic le s *  I n f i l t r a t i o n  o f the  
capsu le  and the  t is s u e  oufewith the  nodes was no t a co n stan t fe a tu re .  Tumour 
fo c i  were found s c a t te re d  throughout the  lungs, e s p e c ia l ly  in  a s so c ia tio n  
x i^fch the sm a lle r blood v e s s e ls ,  F igure  62, The P ayer’s Patches and the  
sm all i n t e s t i n a l  tumours were c h a r a c te r i s t i c  o f le s io n s  o f  lymphosarcoma o f 
th e /
afche a lim en ta ry  as observed in  f l â l d  cases* The tm b e c n la e  o£ the
sp leen  were f a i r l y  w ell p reserved  in  some a r e a s , bu t in  many o thers^  tumour 
c e l l s  had d iffu se d  to  the  e x te n t that, th e  o r ig in a l  red  and w hite  pu3.p could 
no longer be d is tin g u ish e d  g F igure  63* In  o th e r  p a r ts  ^  t h i s  w^ as n o t b o  marked 
and g ro ss ly  en larged  î'îalpigM an bodies* m oderate ?.y w e ll de fined  * could be 
observed* Such fo c i were composed o f  t ig h t ly  packed tumour c e l l s  w ith  s im ila r  
c e l l s  d is t r ib u te d  l ig h t ly  in  the  a d ja ce n t re d  pulp* The bone marrow was 
hy f^erp lastic  w ith  nmieroue immature m egakaryocytes as w e ll has h igh  numbers 
o f  c e l l s  which were in  a l l  re s p e c ts  id e n t ic a l  to  the  tumour c e l l s  found in  
o th e r  s i te s *  F igure  64*
The n e o p la s t ic  c e l l s  showed some degree o f  pleomorphlsm and the  m ito tic  
r a te  was high* A ty p ic a l  tumour c e l l  was round* oval* or p o ly h ed ra l in  out* 
line*  w ith  a  low cytoplasm ic n u c le a r ra tio *  I t  had an openfaced nucleus and 
a very  prom inent p a le  nucleolus* The c e l l  membrane was w e ll d e fin ed  and the 
cytoplasm  was pale* somewhat po lychrom atoph lllc  and f a in t ly  cloudy* w ith  an 
o c cas io n a l p e r in u c le a r  h a lo . The cytoplasm  v a r ie d  in  amount from scan ty  to  
moderate* The n u c leu s  was round o r o v a la ^ ith  a  sh a rp ly  defined  n u c le a r membrane* 
Ghromatin p a r t i c l e s  were s tru n g  along a  f in e  chromatin, netw ork throughout 
th e  p a le  n u c lea r sap and s l i g h t ly  la rg e r  chrom atin blocks were m arginated 
o r e ls e  adheren t to  the  n u c leo li*  These n u c le o li  were u su a lly  s in g le*  c e n t r a l  
o r  esEcentral in  p o sitio n *  large* tra n s lu c e n t*  am phophilic and never obscured 
by a chrom atin film* F igures 61 and 64#
T issues from th i s  anim al wore h a rv ested  a so p tlc a lly  as soon as the  k i t t e n
x-yas/
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xv^ as dead and xmre p laced  in  s t e r i l e  honey j a r s  co n ta in in g  s t e r i l e  H/10 P .B ,8 . 
These t is s u e s  were subsequently  s to re d  in  50% g ly ce ro l and M/10 F.B*S, and 
p laced  a t  e i th e r  #40^C o r e ls e  a t  70^0* Small amounts o f th e  t i s s u e  were 
re ta in e d  a t  4- 4^0 fo r  24 hours and then  used fo r  the  p re p a ra tio n  o f t is s u e  
c u Itu re  monolayers *
At the  moment o f deat^* tumour t is s u e s  were a lso  prepared  fo r  exam ination 
in  the  e le c tro n  m icroscope.
Po81»Riortern ^ r e p o rt on 19377/13..« This x*?as the f i r s t  k i t t e n  in  the. l i t t e r  
to  d ie  and a t  the  p o st «^mortem exam ination* the  m esen teric  lymph node appeared 
as a chain  some 7 cm* long and 2 cm. in  d iam eter ^  F igure 65. I t  was g rey ish  
yelloxf in  co lour and only  in  one o r two p a r ts  could the  compressed m edulla 
be d isce rn ed . Both a n te r io r  and p o s te r io r  to  th i s  node* a chain  o f lymph 
nodes* xAich xfould probably no t have been v i s ib le  in  a normal cat*  were p re se n t. 
These were m ottled  p ink  and w hite end on section*  were ex ce ss iv e ly  c e llu la r*
The nodes o f the in te r n a l  I l i a c  and para»*aorfcic chain  were a ls o  m oderately 
en larged  and had the same appearance as the  m esen teric  node. The a n te r io r  
s te r n a l  node x^ aa sim ila r*  bu t th e re  xms no la rg e  mass in  the  a n te r io r  aiedia*’ 
stinum . The unusual lymph node; fe a tu re s  were a lso  observed in  the  nodes o f 
the  head. The sp leen  was g ro ss ly  en larged  and extended to  the  m id lin e . I t  
xms th ic k e r  than  u su a l and i t s  su rface  was m ottled  w ith  m ilia ry  dark red  and 
w hite sp o ts . On section*  numerous dark  red  in fa rc t« l ik e  a reas  could be seen* 
w h ils t  the  E alp igh ian  bodies were e x ce ss iv e ly  prom inent.
H is to lo g ic a lly *  the  m esen teric  node shoxmd much replacem ent o f  the  normal 
a rc h i te c tu re /
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a rc h i te c tu re  w ith  medium alaed  lymphocytes* F igure  66, Germinal c en tre s  
were p re sen t * h u t they were scan ty  and i r r e g u la r .  I n f i l t r a t i o n  o f the  
capsule and ex tension  in to  the  surrounding m esentery was observed. The 
m edulla xms considerab ly  encroached upon by sh ee ts  o f c e l ls  grox^ing doxm 
from the co rte x , The l iv e r  shotted m u ltip le  sm all a reas o f lymphocyte 
acctamula,tio?:is xfith in  the  p o r ta l  priads* In  th e  sm all in te s tin e *  the  P a y e r 's  
Patches were abnormal and p e n e tra ted  l a t e r a l ly  and upxmrds in to  the  mucosa* 
d isp la c in g  and rep la c in g  the  c ry p ts . The lungs p resen ted  m u ltip le  sm all 
lymphocyte fo c i in  the  p e riv a sc u la r  I n t e r s t i a  in  some f ie ld s ,
X-^osttiïiortem r eport  on 19377/12, This was the  l a s t  o f the  4 k i t te n s  
to  die* and i t  x\?as in  extrem ely poor bod ily  con d itio n  a t  the  time o f death .
A ll o f the  carcase  lymph nodes were s l ig h t ly  en larged  and many of them 
were congested, lymph node aggregates which a re  seldom observed* such as 
the  c e rv ic a l  chain  and those w ith in  the  r e c ta l  mesentery* ware c le a r ly  
v i s ib le .  Many o-f them were congested. The main m esenteric  nodes measured 
4 X 2 X 1*5 cms* I t  -:'as only s l ig h t ly  congested and the f o l l i c l e s  were 
v is ib le  from xrithout.
Only remnants o f the o r ig in a l  thymus xfare found in  the  a n te r io r  media** 
stinum . The h e a r t  and lungs showed no g ross ab n o rm a l!tie s , The gastro**» 
in te s t in a l  canal was empty and the w alls  o f the  sm all in te s t in e  were th ickened 
and* the  mucous membrane was thrown in to  folds* There x^ere sm all haemorrhages 
in  the submucosa. The w alls of the  la rge  in te s t in e  were a lso  th ickened and 
o ccasio n a l p e te c h ia l  haemorrhages were observed throughout i t s  e n t i r e  leng th . 
The/
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The l lv o r  xms o f a p a le  bronse co lo u r. I t  was f i m  on se c tio n  and no t 
unduly f r i a b le .  The sp3.een was not: enlarged* but i t  had th a t  g rey ish  red  
co lou r which i& o f te n  a s so c ia te d  -with lymphosarcoma. On sec tion*  the  
M alpighian bodies were h y p e rp la s tic  and could be c le a r ly  id e n tif ie d *  The 
to n s i l s  were no t abnormal* The bone marroxf was deeply  haem orrhaj|lc through-* 
ou t a l l  the  marrox/ c a v i t i e s ,  Mo o th e r gross le s io n s  ware observed.
H is to lo g ic a l ly g th e re  was some degree o f v a r ia t io n  In  the  lymph node 
s e c tio n s . In  the  m esen teric  node* the  c o rte x  and m edulla remained q u ite  
se p a ra te  and th e re  was no s ig n  o f  i n f i l t r a t i o n  in to  the  medulla* The most 
n o teab le  fe a tu re  was the  o u te r  border o f  the  c o rte x  which was la rg e ly  r e ­
p laced  by c e l l s  o f the la rg e  lymphocyte end lyaiphoblast types* F igure  67. 
These c e l l s  were p a le  and only  f a in t ly  b a so p h ilic  and many e x h ib ite d  a 
prom inent p a le  nucleolus* Germinal f o l l i c l e s  were only apparen t in  some 
p a r ts  o f the  cortex* One o f  the  subm axillary  nodes xvas n o t abnormal* bu t 
the  o th e r  shoxved a re as  o f  th e  c o rte x  xvhere a n a p la s tic  c e lls*  n o t u n lik e  
those found In  19377/10* were observed. The retrophyngeaX nodes p resen ted  
many a re a s  o f  lym phoblast sh e e ts  co n ta in in g  no lymphocytes, Such f i e ld s  
x<f&ve in d is tin g u ish a b le  from lymphosarcoma * bu t th e  nnatom lcal ar|?angement 
o f  the  c o rte x  and m edulla p e r s i s te d ,  Eryfclirophagocytosis x^as very  prom inent 
as w e ll as congestion  o f the  m edulla. One o f the  p re  scap u la r lymph nodes 
was h ig h ly  su ggestive  in  th a t  many a re a s  o f  the  c o rte x  were rep laced  alm ost 
e n t i r e ly  by sh e e ts  o f lym phoblasts o f v a ry in g  s i s e s .  These c e l l s  a l l  had 
prominent* u su a lly  sing le*  m ueleoli*  This p a t te rn  has no t been observed in  
th e /
the  lymph nodes o f h ea lth y  c a ts .  However* the  co rtex  and m edulla weTe again  
c le a r ly  d i f f e r e n t ia te d  and th e re  was no I n f i l t r a t i o n  o f the  c e l ls  onW ith  
the  node* l^toked congestion  and ery th rophagocy tosis were the ou ts tan d in g  
fe a tu re s  o f the  nodes of the  c e rv ic a l  chain .
S c a tte re d  fo c i o f lyîïîphoid c e l l s  were found in  the  a n te r io r  TaediasfcinaX 
f a t  and th ese  were thought to  he remnants o f the  former thymus.
The sp leen  p resen ted  a marked fe a tu re  in  the Malpighiaxi bodies* Sheets 
and buds of lym phoblasts were found a t  the  p e rip h e ry  of many o f the f o l l i c l e s .  
These a reas  were q u ite  w e ll defined  and in  some f o l l i c l e s  had alm ost rep laced  
the  former f o l l i c u la r  arch itectu reA  S lig h t  i n f i l t r a t i o n  o f b la s t  c e l l s  in to  
the  red  pulp was ap p aren tly  under way* F igura  68* The to n s i l l a r  lymphoid 
t is s u e  was no t abnormal* b u t the  ov erly in g  ep ithe lium  showGàd some degree o f 
hyperp lasia*
Throughout the  e n t i r e  len g th  o f the  g a s t r 0 'i»intestIna 1 t r a c t  th e re  were 
c a ta r rh a l  changes present*  Bead n e u tro p h ils  and c e l lu la r  d e b ris  had d istended  
many o f the  g landu lar crypts* Some of the  l in in g  g landu lar e p i th e l i a l  c e l l s  
x?ere le s s  h ig h ly  d i f f e r e n t ia te d  than  u su a l. These le s io n s  were most marked 
along the  te rm in a l p o rtio n  o f the  sm all in te s t in e *  along the  la rg e  in te s t in e  
and the rectum* In  the  l a t t e r  * th e re  were haemorrhages in to  the lamina p ro p ria  p 
an in c re ase  in  3.ymphoid c e l ls  and o ccasio n a l focus o f n e u tro p h ils . The e p lth -  
a Hum o f the  c ry p ts  in  th is  reg io n  con ta ined  many r a th e r  anap lastic , c e l l s .  
However* th e re  were no changes which in d ic a te d  th a t  lymphosarcoma was developing 
h e re . In  the  marrow* th e re  were many c e l l s  resem bling those found in  the marrow 
o f /
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o f  19377/10» in c lu d in g  m u ltiiiu c lea ted  immature 'megakaryocytes and a ls o  la rg e  
s in g le  n u c lea ted  c e l l s  'with very  prom inent n u c le o li  x an'd chrom atin p a r t i c l e s  
condensed onto sh a rp ly  o u tlin e d  n u c le a r membranes, G alls o f the  e r yth ro id  
and m yeloid s e r ie s  were le s s  prom inent than  in  th e  bone marroxxr o f h ea lth y  
anim als *
The F ine Stru c tu re  o f the  Tumour C e lls  from 19377/10,
Small 'pieces o f t i s s u e  from the  m esen teric  mass» th e  sp leen  and the  
"thym ic" mass were p repared  fo r  exam ination in  the  e le c tro n  m icroscope. 
P o rtio n s  o f t i s s u e ,  a%)iproxima#ely 2 mu. in  d iam ete r, were chopped up and 
fix ed  in  a  1% s o lu tio n  o f " E e tte rq u is t"  is o to n ic  bu ffered  osmium te tro x id e  
(G lauert*  1961) a t  -1-4 C fo r  45 minutes* The t is s u e s  were then  washed 3 
tim es in  d i s t i l l e d  w ater be fo re  being  dehydrated in  ascending grades o f 
alcohol* They were p laced  in  70% a lco h o l fo r 10 m inu tes, fo r  a fu r th e r  15 
m inutes in  90% a lco h o l and then  p laced  in  a b so lu te  alcohol* The a b so lu te  
a lc o h o l was changed a f t e r  15 m inu tes. A fte r  a  fixrther 15 m inutes » th e  t is s u e s  
x?era embedded in  prepo3,yEierised m eth ac ry la te  (Borysko and Sapranauskas » 1954)* 
U ltra th in  se c tio n s  were cu t on a  Cambridge Ultram lcrotom e and mounted on 
"Fom var" covered g rid s  and s ta in e d  w ith  lead  (M illo n ig , 1961) and u ran y l 
a c e ta te  (Watson, 1958),
In  low powered e le c tro n  photom icrographs, the  tumour c e l l s  bore a marked 
rese'ûîblance to  those observed ixi the  l ig h t  m icroscope under o i l .  F igure  69.
The main c e l l  type in  the m esen teric  lymph node had a  la rg e  nucleus w ith  
m arginated  chrom atin and a la rg e  d i s t i n c t  dense nucleolus* The nucleus f i l l e d  
m ost/
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most o f  the  ce 3.1 and in  the  cytoplasm  o f  many c e l l s ,  th e re  was a h ig h ly  
v e s lc u la te d  area# This reg io n  was only observed in  a p ro p o rtio n  o f c e l l s  
ill any one se c tio n  and i t  was w ith in  such v e s ic le s ,  th a t  v i r u s - l ik e  p a r t i c l e s  
were found. These p a r t i c le s  x>?ere enclosed  w ith in  the  v e s ic le s ,  o f te n  in  
groups and were no t a p p aren tly  f re e  in  th e  cytoplasm  or in  the  in te rce1 .1u lar 
spaces.
The p a r t i c l e s  c o n s is ted  o f an e le c tro n  dense nuc leo id  enclosed  in  a 
densely  s ta in e d  double membrane. The o u te r  d la îae ter o f the  nu c leo id  measured 
approximate3.y éünpand the  f u l l  p a r t i c l e  measured around lOOmp,Figure 70,
V i r u s l i k e  P a r t ic le s  in  Mono'te*^ers from 19377/10,
T issue c u ltu re  mono3.ayers x^ere e s ta b lis h e d  by t ry p s in ls ln g  chopped up 
p o rtio n s  o f  the  fre sh  m esen teric  tumour mass u n t i l  th e  c e l l s  were s u f f ic ie n t ly  
d isp e rsed  fo r  them to  be made in to  a su spension , c en trifu g ed  and then  re*« 
suspended in  a  n u t r ie n t  medium. E ag le ’s medium p lu s 10% c a l f  eerum and 10% 
try p to se  phosphate b ro th  x^ae used. The c e l l  suspension  was then  t ra n s fe r re d  
in to  4 o s , s t e r i l e  b o t t l e s ,  gassed w ith  00^ and p laced  In  an in cu b a to r. The 
c e l l s  were eKamined d a ily  w ith  an in v e rte d  m icroscope to  determ ine i f  they  
were s e t t l i n g  nnto  the  g la s s  and m ultip ly ing*  When a co n flu en t c e l l  sh ee t 
was alm ost established,^^ th e  c e l l s  were ag a in  t ry p s in is e d  and resuspended in  
n u t r ie n t  medium. The suspension  was d iv id ed  and used to  seed f re s h  s t e r i l e  
4 or.* b o t t l e s .
A t th e  second passage» when the c e l l s  had been c u ltu re d  fo r  approximafc^ly 
one month-, they x^ere scraped from the g lass»  c e n tr ifu g e d  l ig h t ly  and prepared  
fo r /
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fo r the  e le c tro n  microscope as described  above* Large nmvbers o f v iru s - I ik e  
pa r t i c  3.08» id e n t ic a l  to  those found in  se c tio n s  from the a c tu a l  tumour mass» 
were seen in  th e  c u ltu red  cel3*s. The c a l l  membranes were no t in ta c t  and the 
c e l l s  appeared to  be d isrupted*
The monolayers soon began to  show some evidence o f  c e l l  death  and sh o r tly  
afterw ards»  the  monolayers in  a l l  o f  the  b o t t le s  became f ib ro ^ 'la s t ic  and 
d ied  o f f .
Subsequent and rep ea ted  a ttem pts to  recover v ia b le  tumour c e i l s  from the  
tumour t is s u e s  which had been s to re d  a t  and ^70^C were made» bu t I t  x^as
no t found p o ss ib le  to  grox? monolayers from the s to re d  m ateria l*
S ® JS S « mt3 o.
This was a fu r th e r  i n i t i a t i o n  experiivetit in  which m a te r ia l  from a d if f e r e n t  
f i e ld  case o f 3.ymphosarcoma in  a c a t  was in o cu la ted  in to  newborn k i t t e n s .
M a te ria ls  and Methodsw
The inoculum was prepared  from tumour t is s u e  derived  a s o p tic a l ly  from 
c a t number 17437» which X'jas a, mu I t  lean  t r i e  and thymic case o f spontaneous 
lymphoGarcoma, P a r t o f an a f f e c te d .p a ra -a o r t ic  lymph node was processed  
e x a c tly  as in  the  p rev ious axparimentp except th a t  the su p e rn a tan t was 
thawed a t  37^0 and then re-^frosen a t  «40^0 one week befo re  the  Inoculum x^as 
f i r s t  used*
Seven k i t te n s  from 3 l i t t e r s  were In je c te d  w ith  0 .5  ml* o f th e  super-’' 
n a ta n t subcutaneously  over the  r ib s .  Routine c l i n i c a l  and haem atological 
exam inations xfere c a r r ie d  out as In  experim ent one.
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The C l in ic a l  F in d in g s,
The k i t te n s  were numbered 17457/1» /2» /3» /4» /5» /6  and /7* Up to  
the time they  were 18 montha of age» the  k i t te n s  were in  good h e a lth  and 
co n d itio n . At th is  time » k i t t e n  2 developed pa lpab le  enlargem ents o f i t s  
s u p e r f ic ia l  lymph nodes and a. biopsy o f the  r ig h t  p roscapu lar lymph node 
was c a rr ie d  o u t. The node measured 2*0 x 0,75 x 0,75 cm* Four weeks a f te r  
th is  operation» a s im ila r  mass had reform ed a t  the  s i t e  o f the  biopsy» although 
th e re  had been no post>*operative sequelae . Around the  22nd month o f l i f e  » 
d ia rrh o ea  developed and th e re a f te r  th is  c a t  lo s t  co n d itio n , One month la te r»  
eu th an asia  was c a rr ie d  out because the anivaal xms dying. I t  was 23 months oldv
The s u p e r f ic ia l  lymph nodes o f c a t  1 vrere found to  be promlnGnt soon 
a f te r  th i s .  There xmo evidence of a p a lpab le  mass In the mid-abdomen and 
the  sp leen  was a lso  palpable* During the  fo llow ing  weeks, vom iting s ta r te d  
and Increased  In  fi:equency. The anim al stopped e a tin g  and became d u l l  and 
dehydrated. A n tib io tic  and f lu id  therapy  f a i le d  to  a r r e s t  the  d ec lin e  and 
the  animal died a t  the  age o f 29 months.
Gat 5 had been lu  good h e a lth  u n t i l  s h o r t ly  before c a t I d ied when i t
developed m ild upper r e s p ira to ry  symptoms. These xfere re lie v e d  fo llow ing 
a course o f a n ti-b lo tic s *  However» th is  c a t  g radua lly  loo t con d itio n  and
a t  the  age of 43 months » became d u ll  and anorexic w ith a pa lpab le  mass» which
could be re a d ily  id e n tif ie d » in  the  mid^abdomen* The c a t xvas destroyed a t  
th i s  stage*
The rem aining cats»  17457/3» /4» /6  and /7»are  s t i l l  f i t  and w ell in
Ju ly /
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Ju ly» 19653» although  they show a m ild disease, o f  the  upper r e s p ira to ry  system  
xdilc'h i s  c y c l ic a l  in  n a tu re , This does n o t In te r f e r e  xHth a p p e ti te  o r bod ily  
co n d itio n .
In  none o f the  c a ts  in  th i s  experim ent x^as anaemia found as in d ic a te d  
by the  P,C,V, and t o t a l  e ry th ro c y te  coun ts . Hormoblasts were found in  the  
p e r ip h e ra l blood o f c a t  1 on txm occasions during  the  f in a l  5 months of 
l i f e .  These c e l l s  were a lso  observed in  blood film s from c a t  2 on 4 occasions» 
in  two o f which they  rep re se n te d  more than  3% o f the  n uc lea ted  c e l l s  o f the  
f ilm . Normoblasts h a w  been absen t from the  blood film s o f the  o th e r an im als.
True leukaem ia has n o t developed and s ig n i f ic a n t  r i s e s  in  the  t o t a l  
leucocy te  counts have no t been commn* Hox^ever» in  c a t  2 th e re  an 
a b so lu te  lym phocytosis on 5 occasions» b u t t h i s  occurred  in  an e a r ly  phase 
o f the  experim ent. The f in a l  leucocy te  count in  th is  c a t  showed a  xieufcro«‘ 
p h i l i a .  Although c a t 1 d id  n o t ever have an a b so lu te  le u c o c y to s ls» i t  d id  
r e g i s te r  an ab so lu te  lym phocytosis o f 22»000/cu.'mm, on one occasion  about 
22 months b efo re  i t  d ied . Gat 5 never had an a b so lu te  XyBiphocytosis» but 
th e re  xms n e u tro p h ilia  on the  day o f d ea th , The r e s t  o f th e  anim als in  
the  e^cperiment have no t shorn  gross changes In  th e i r  leucocyte  p ic tu re s .
The P a th o lo g ic a l F ind ings.
SiSJE £?r2SSH B iaJ2î2«r^ oafc was in  poor bod ily
c o n d itio n  a t  th e  tim e o f  d e a th . There was no food p re se n t in  th e  stomach.
A part from some th ic k en in g  o f the  w a lls  o f  the  in te s t in e s  no o th e r  gr’oss 
m acroscopical le s io n s  were observed in  the  ca rn ase . The marrow c a v i t ie s  x-yere 
com pletely  f i l l e d  w ith  a red  c e l lu l a r  t i s s u e  *
aH is to lo g ic a l ly 3 tîie  only le s io n  o f  importance was a w ell developed 
chronic e n t e r i t i s .  Many of the glands o f the  mucous membrane showed th in n in g  
o f the  ep ithe lium  and blocking  o f the  c ry p ts  by deb ris  and dead c e l l s « Other 
glands showed b iz a rre  h y p e rp la s ia . The r a t i o  between the lamina p ro p ria ,an d  
glands was d istu rbed^  th e re  being  many more c e l l s  than normal in  the lamina 
p ro p r ia ♦ These coivprised a c tiv e  macrophages and c e l l s  o f both  the lymphoid 
and plasma c e l l  s e r ie s .  There were^ in  ad d itio n s  l in e s  o f i n f i l t r a t i o n  of 
lymphocytes in to  the  submucosa. This d id  not appear to  be lymphoeareomatous. 
The a sso c ia ted  lymph nodes showed no encroacîmeiit by the c o rte x  In to  the  
m edulla. However^ the  c o r t i c a l  f o l l i c u la r  p a t te rn  was obscured and the  pre# 
dominant c e l l  was a mature lymphocyte, Mo ab n o n m lity  o f the  sp leen  was found. 
The bone marrow in  se c tio n s  was lace#"like w ith  w ell developed fo c i o f e ry th ro id  
and m yeloid a c tiv ity *  A few m oderately w ell d i f f e r e n t ia te d  magakaryocyfces 
were p re se n t,
W m h node biopsy from 1745 7 /2 , This node measured 2 .0  x 0,75 % 0*75 cm. 
On se c tio n  I t  was w h iteg c e l lu la r  and bu lg ing . There was a  tra c e  o f p ink  
co rtex  v e n tra l ly  and a sm all c e n tr a l  a re a  o f m edulla was s t i l l  apparent*
H isto lo g lca liy g  th e re  was only  s l ig h t  lo ss  in  ty p ic a l  a rc h i te c tu re  and 
the  eo rtico«m edullary  d i f f e r e n t ia t io n  was p reserved  » a lthough the  ju n c tio n s  
be Ween c o rte x  and m edulla war© poorly  defined  and the  cor t  ieo-^medu 1 la ry  r a t i o  
was much h igher than  in  a  normal s u p e r f ic ia l  lymph node o f the  c a t ,  The 
capsules trab ecu lae  and ex tra^capsu la r  a reas  were w ell defined  and in ta c t .
In  the  c o rte x  3 th e re  were moderate condensation o f the f o l l i c l e s  and an 
absence/
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absence o f g e m ln a l c o n tre s , The f o l l i c l e s  imre surrounded by masses of 
r e l a t iv e ly  uniform  lymphoid c e l l s  o f a m ature ty p e 3 but le s s  d i f f e r e n t ia te d  
than  those w ith in  the  f o l l i c l e s * These c e l l  stream s had flooded the  sub** 
cap su la r and c o r t ic a l  s in u ses and towards one pole-, th is  was p a r t ic u la r ly  
obvious. Here, the  c o r t i c a l  s in u ses were packed and d istende^  w ith  c e l l s  
which were stream ing domi in to  the  m edulla to  flood  the m edullary s in u se s . 
However, the  m edullary pegs were in ta c t  and they  contained a. ty p ic a l  c e l l  
p o p u la tio n . The r a t e  o f m ito s is  v a rie d .
Here and th e re  w ith in  the  c e l l  sh e e ts  3 were c^uite la rg e  b l a s t l i k e  c e l ls  
w ith  very  bold n u c le o li . Such c e l l s  can be observed on occasions in  the 
nodes o f h e a lth y  c a t s ,  but they were much more numerous in  th is  s e c t io n , 
e s p e c ia l ly  towards the  C o rtico ‘«medullary ju n c tio n s ,
S & S £ : æ S S ^ ^ S m .^ ^ J Î S L M é ; S lM . '  o a t was in  v e ty  poor bo d ily
c o n d itio n  a t  the time o f death  and the  carcase  was p a le . In  the  th o ra c ic  
caV ity 3 there, was a sm all amount o f c le a r  f lu id  and d is c r e te ,  smallp g l is te n in g , 
round o r s t e l l a t e ,  s l ig h t ly  ra is e d  nodules up to  0 ,6  cm* in  diam eter were 
found over the  e n t i r e  p le u ra , both  the v is c e r a l  and p a r i e ta l  p a r ts .  The 
lung f ie ld sp  h e a r t  muscle and th o ra c ic  lymph nodes wore no t a ffe c te d  iuacro« 
sc o p ic a lly .
S im ila r , a lthough sm aller^  nodules were observed on the  p a r i e ta l  and 
v is c e ra l  peritoneum , e s p e c ia l ly  on the  m esentery and the  omentum. The l iv e r  
was l ig h t  bromi if ith  rounded edges. I t  too  x^as covered w ith  m u ltip le  sm all 
n o d u le s ,/
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nodu les. The kidneys p resen ted  a ie\<f subcapsu3-a,r cream -coloured fo c i which 
were s l ig h t ly  r a is e d ,  W t not adheren t to  the  capsu les , Tîie sp leen  measured
10.0 r. 5 .0  X 0 ,5  cm. I t  was p a le  p ink  and on section^  th e re  xv^ as h y p erp la s ia  
o f the M alpighian bod ies. The a lim en tary  t r a c t  was not gross3.y a l te re d  except 
In  the  reg io n  o f the ileo-^coIonic junction^  vyhere th e re  was a marked in crease  
in  the  th ick n ess  o f the  w a ll o f the  in te s t in e  to  form a x^ell defined  m ass, 
m easuring approxim ately 5 .0  cm. long and 2*5 cm, in  d iam eter, On se c tio n , the  
lumen o f the  in te s t in e  vas found to  be p a te n t, bu t much narroxfer in  diam eter 
than  u su a l.
The s u p e r f ic ia l  lymph nodes xfere prom inent and en larged  to  r a th e r  more 
than  txi?iee th e i r  normal size* The m esen teric  node was m oderately en la rg ed , 
being  5*5 x 1.5 x 1,5 cm. The c e rv ic a l  l^ ^miph node chain  x?as prom inent, although 
only the  p o s te r io r  c e rv ic a l  nodes would have been p a lpab le  In  l i f e . Sections 
o f th ese  nodes revealed  an in c rease  in  hhe r e l a t iv e  xjidths o f the  c o r t ic e s  
xdxich x-?ere h igh ly  c e l lu l a r ,  p a le  strax^ coloured and bulg ing .
The fem oral marrow was p a le  re d , homogenous and i t  f i l l e d  the  m edullary  
c a v i t ie s ;
H is to lo g ic a lly , the  i n t e s t i n a l  mass xjas composed o f sh ee ts  of blast-^^like 
lymphoid c e l l s  "which had g r o s s l y  d istended  the sulmucosa, F igure  71 and 
spread in to  the  mucous membrane^ causing  marked d is to r t io n  and d e s tru c tio n  
o f the  g landu lar elem ents. In  one o r txxfo a reas  th e re  were sh e e ts  c f  c e l l s  
in d is tin g u ish a b le  from *retleu lo ’^ en d o th e lia l c e l l s .  The r a te s  o f m ito s is  
were m oderate. The ad jacen t m uscle la y e rs  o f  the  mass were no t i n f i l t r a t e d  
to  any e x te n t.
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The sm all nodules on the p le u ra , peritoneum  and l iv e r  x^ere composed 
o f fo c i o f mesenchymal c e l ls  showing some degree o f pXeomorphism and a loxf 
m ito tic  rate*  The s u p e r f ic ia l  fo c i on the kidneys were lymphoid* The l iv e r  
and kidneys 3 a p a rt from those s u p e r f ic ia l  f o c i ,  were no t o therw ise a ffe c te d ,
S ections of the lymph nodes showed f a i r l y  marked re tic u le « e n d o th e lia l  
h y p e rp la s ia , e sp e c ia lly  w ith in  the  sinuses* There was red u c tio n  in  the 
f o l l i c u la r  p a tte rn  and only a few germ inal c en tre s  were noted. These con« 
ta ined  h igher amounts o f reticulo«'e.ndothel i a i  aW b la s t  c e l l s  than u su a l.
The nodes were somewhat b lu rred  in  appearance by stream s of lymphoid c e l l s ,  
o ften  w ith  a high re ticu lo« ’*endothel i a i  component, which were flood ing  the 
embcapsular and c o r t ic a l  sinuses and floxjiiig in to  the m edullary s in u se s ,
F igure 72. The m edullary pegs were s t i l l  f a i r l y  in ta c t .  The ^lalpighian 
bodies in  the sp leen  were d istended  and comprised of uniform  immature lymphoid 
c e l l s .  The corpuscles were w ell d e fin ed , but th e re  xms evidence o f i n f i l l  
t r a t io n  o f the  immature lymphoid c e l ls  In to  the red  pulp . The bone marrow 
showed sig n s o f h y p erp la sia  and th e re  were large  numbers o f immature mega» 
karyocytes p re se n t, some o f Xi?hich contained phagocytooed m nxtrophlls.
le s  of t is s u e  from the  p le u ra , peritoneum , lymph nodes and alim entary  
t r a c t  were subm itted to  the Department o f B acterio logy a t  RttchiXl H o sp ita l, 
Glasgoxvf. A d e ta ile d  in v e s tig a tio n  was c a rr ie d  ou t th e re , bu t th is  m a te ria l 
f a i le d  to  re v e a l the presence o f acid«fasfe b a c i l l i*
Fost»mortem exam ination of 3.7457/5. This e a t was in  poor bod ily  con» 
d l t lo n  at. the  time of death* There xms no food in  the stomach or sm all 
in te s t in e ,  but th e re  was some evidence o f  scanty  faeces in  the  term inal 
p o rtio n  o f the  la rg e  in te s t in e .
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On opening the abdominal c a v ity , a sm all q u a n tity  of in te s t in a l  con ten ts 
xma found. 0"b.iB had escaped from a p e n e tra tin g  u lc e r  in  the w all o f the la rge  
in te s t in e  close, to  the ileo '-co lo n ic  v a lv e . The term inal 2 cm. o f the ileum 
and the f i r s t  6 cm. of the colon X'?ere ballooned and ra th e r  thin»xm lled and 
e sp e c ia l ly  in  the immediate a rea  of the  lleo»coIon ic  ju n c tio n , th e re  were 
se v e ra l frank  u lc e rs  o f  the  mucous membrane* The asso c ia ted  lymph nodes were 
en larged  and appeared r e a c t iv e . Hox^ever, the  main m esenteric  lymph node was 
m oderately enlarged and appeared to  be turn!fled . I t  x?as removed as a s e p t ic a l ly  
as p o ss ib le  under the circum stances and a f te r  being w ell washed in  s t e r i l e  
3 was sec tioned . The t is s u e  xfith in  was ty p ic a l  o f lymphosarcoma.
Mo gross le s io n s  were found elsew here throughout the body, but the  
marroxf was d i s t in c t ly  h y p e rp la s tic .
The u lc e ra tiv e  le s io n s  o f the  mucous membrane o f the colon xmre caused 
by stream s o f d e s tru c tiv e , p a r t i a l l y  u n d if fe re n tia te d  3.ymphoid c e l l s , which 
were stream ing frcmi the submucosal lymphoid cen tre s  to  d is ru p t the lamina 
p ro p ria  and to  flood and d is ten d  the  itite r^ g la n d u la r spaces and then destroy  
the supe t^fie ia l ep ithelium  and g landu lar elem ents. These le s io n s  were re« 
la t lv e ly  d is c re te  and the  mucous membrane and sulmucosa on e i th e r  s id e  was 
fre e  from undue c e llu la rlfc y . This hlgh'ly abnormal p ic tu re  xms in d ic a tiv e  
o f  Tyi'flpho s a r coma.
BUBS^msMT
à fu r th e r  la rge  number o f nexfborn k i t te n s  have now been inocu la ted  w ith  
p rep a ra tio n s  o f tumour t is s u e s  from se v e ra l f i e ld  cases o f f e l in e  lymphosarcoma 
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d u ring  the  l a s t  24 m onths. The m a jo rity  o f th ese  anim als a re  le s s  than  18 
months of age and none has shox-m evidence of c l i n i c a l  lymphosarcoma to  d a te .
One o f the  k i t t e n s ,  which was in je c te d  w ith  a, p re p a ra tio n  s im ila r  to  the one 
used in  experim ent 1 and from the  same sou rce , showed some evidences of changes 
in  i t s  lymph nodes a t  death  which In d ica te d  an e a r ly  s tag e  o f th e  d is e a s e , 
F igu res 73 and 74.
3?our o th e r k i t te n s  from Z l i t t e r s ,  xAlch were Inocu la ted  -with p re p a ra tio n s  
from the tumour t is s u e s  o f experim en tal c a t  19377/10, have d ied  and shoxm 
h is to lo g ic a l  evidence which i s  no t incom patib le  w ith  a d iag n o sis  o f  lyiapho# 
sarcoma* One o f the  k i t te n s  d ied  a t  the  age o f 2 months w ith  extreme anaemia* 
A ll o f i t s  mar rot'? c a v i t ie s  were f i l l e d  xvith a p a le  straw  coloured  and h ig h ly  
c e l lu l a r  t is s u e  which was composed o f sh e e ts  o f c e l l s  co n ta in in g  la rg e  numbers 
o f  lym phoblasts and stem c e l l s ,  F igu res 75 and 76, Another member o f the  
same l i t t e r  d ied  a t  th e  age o f 16 months from m u ltip le  m ilia ry  acu te  abscesses 
in  the  l iv e r ,  The sp leen  was f re e  from s ig n s  o f in f e c t io n ,  but the  sp le n ic  
f o l l i c l e s  were p a le  and h y p e rp la s tic*  H is to lo g ic a l ly , they  con ta ined  la rg e  
numbers o f r e l a t i v e ly  uniform  b la s t» l ik e  c e l l s ,  F igures 77, 78 and 79, This 
f o l l i c u l a r  p a t te rn  i s  in  s t r ik in g  c o n tra s t  to  o rd in a ry  r e a c t iv e  ï^Jalplghian 
co rp u sc les  which o f te n  have secondary c e n tre s  co n ta in in g  a l l  ty p e s  o f  lymphoid 
c e l l s  to g e th e r  w ith  macrophages and stem  c e l l s ,  P a r t ic le s  s im ila r  to  those 
observed in  the t is s u e s  o f 19377/10, th e  donor c a t ,  were found in  th e  sp leen  
o f th is  k i t t e n  xdien c e l l s  were examined In  the e le c tro n  m icroscope.
From ano ther l i t t e r  in  th e  same experim ent, one k i t t e n  d ied  a t  th e  age
o f /
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of 2 months w ith  g en era lised  m oderate lymphadenopathy and marked h yperp lasia  
o f the bone marrow* In  im print, smears o f the  marrow, large  mmbers o f 
immature c e l l s  xrith la rg e , p a le , prom inent and s in g le  n u c le o li  were observed. 
These c e l ls  xmre s im ila r  to  lym phoolasts. There xi?as l i t t l e  evidence o f e ry - 
th ro p o ie e ls  and n e u tro p h ils  and th e i r  p recu rso rs  x^ere v i r tu a l ly  ab sen t, A 
fu r th e r  k i t te n  from th is  l i t t e r ,  xdiich died a t  the age o f 16 months, xms 
found to  have h y p erp la sia  o f the M alpighian co rp u sc le s , F igure BO.
A fe a tu re  o f the anim als in  those experim ents has been the  presence of 
norm oblasts in  the. p e rip h e ra l blood. These c e l ls  have been observed in  high 
numbers, b u t i t  i s  s t i l l  too e a r ly  to  e s ta b l is h  a c o rre la t io n  beWeen th is  
phenomenon and the development o f experiraental lymphosarooma.
Mo sig n s o f Eperythrozoari f e l l s  have been found in  the blood film s o f 
any of the c a ts  in  the e^cperimental ca tte ry*  Pooled blood from two groups 
o f experim ental c a ts ,  which whs in je c te d  subcutaneously in to  d isease  free  
splenectom ised c a ts  approxim ately 14 days a .fte r removal of the  sp leen , f a i le d  
to  induce th is  form o f p a r a s i t ic  anaemia*
DISCUSSION*
The find ings in  earneriment 1» may in d ic a te  the tran sm ission  of a spon­
taneous m u ltic e n tr ic  lymphosarcoma, though i t  i s  im possible to  be com pletely 
sure  th a t  the  inoculum did  n#it co n ta in  a few liv in g  c e l ls  which survived 
free z in g  and hom ogenisation. F i l t r a t io n  and high  speed c e n tr ifu g a tio n  were 
not used in  th i s  i n i t i a l  experim ent as i t  was thought th a t  they might decrease 
the t i t r e  o f any in fe c tiv e  agent which might be present* No tumours developed 
a t /
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a t  the sitoB  o f in o cu la tio n  and the re g io n a l lymph nodes did  no t d i f f e r  
e i th e r  in  speed o f enlargem ent o r in  s iz e  from the o ther nodes. No r e ­
la tio n sh ip  was knoxm or l ik e ly  hetx^een the donor c a t and the r e c ip ie n t  
k i t te n s .  The p a tte rn  o f the d isease  produced was id e n tic a l  to  th a t  seen 
in  many f ie ld  c ase s , i . e .  m u lt ic e n tr ic  lymphoid n eop lasia  w ith the la rg e s t  
tumour mass p resen t in  the main m esen teric  node. I t  w il l  be re c a lle d  th a t  
2 common le s io n  complexes in  the  c a t  a re  one in  which the la rg e s t  tumour 
maos i s  in  the  m esen teric  lymph node and one in  which the la rg e s t  mass l ie s  
in  the a n te r io r  mediastinum, p o ss ib ly  o r ig in a tin g  in  the thymus. I t  i s  
in te r e s t in g  th a t  the  source m a te r ia l  in  the  experiment was derived  from a 
case w ith  a ''thym ic" mass, but the  main le s io n s  in  the re c ip ie n ts  were 
m esenteric*
I t  was un fo rtunate  th a t  the f i r s t  two case s , 19377/11 and /9 ,  died during 
the  course o f the escperiment befo re  they developed an obviously f a t a l  lympho­
sarcoma. HoX’^ ever, the  le s io n s  in d ic a te d  th a t  lymphosarcoma was m oderately 
w ell developed a t  the time o f death . The ery throphagocytosia  and hepato­
c e l lu la r  h y p e rp la s ia  which was observed may be p a r t  o f the  syndrome or may 
rep re se n t some o ther d isease  process as y e t unrecognised in  the  c a t and xAich 
does no t correspond to  any knoxm co n d itio n .
Gat 19377/10 xdiich showed the  advanced le s io n s  was c l in i c a l ly  s im ila r  
to  the o th e rs  except in  the  f in a l  month before  death , when i t  developed a 
marked enlargem ent o f the m esen teric  lymph node.
The n e o p la s tic  c e l l  was o f the  stem c e l l  type and i t  was p o ss ib le  th a t
th e /
th e  f in a l  ra p id  d e te r io ra tio n , in  c a t 19377/10 was caused by the sudden p ro ­
l i f e r a t i o n  o f th i s  c e i l  type  in  which the  v i r u s - l ik e  p a r t i c l e s  were found. 
There was, o f  co u rse , no evidence o f any a e t io lo g ie a l  r e la t io n s h ip  beW een 
the  observed p a r t i c le s  and the  tumour. However, i t  can be accepted  th a t  
these  p a r t i c l e s  were a sso c ia te d  x\rith the  n e o p la s tic  c e l l s  and th a t  the  
s im ila r i ty  in  f in e  s tru c tu re  between th ese  p a r t i c l e s  and the  v iru se s  o f  the 
murine leukaemias i s  s t r ik in g  (D alton , 1962). No p a r t i c l e s  were observed 
in  the  lymph nodes o f 14 ap p aren tly  normal c a ts  which were examiited in  the 
e le c tro n  m icroscope,
The presence o f norm oblasts in  th e  p e r ip h e ra l  blood o f a non-anaemic 
c a t  i s  n o t unusual Xi^ here th e re  i s  evidence o f  marked h y p e rp la s ia  o f  the 
bone marrow a sso c ia te d  w ith  a le u e o c y to s is , but i t  i s  ex cep tio n a l to  fin d  
these  c e l l s  In  blood film s where the  haemogram i s  o therw ise  norm al.
There was co n sid erab le  v a r ia t io n  in  the  morphology o f the  lymphoid 
c e l l s  in  the  f i lm s , but no in d ic a tio n s  th a t  leukaemia was p re se n t o r was 
develop ing .
In  experim ent 2 „ the cause o f death  in  c a t  17457/1 was presumably chronic 
e n t e r i t i s .  The b iopsy o f the  p re sc a p u la r  lymph nodes o f 17457/2 p resen ted  
c e r ta in  fe a tu re s  which vere  h ig h ly  au sp ic io u s o f the  presence o f e a r ly  
lyiaphosarcoma, bu t a firm  d iag n o sis  was no t p o s s ib le . In th i s  c a t ,  the 
d isease  xAioh was d iscovered  a t  the  post-m ortem  oKmrlnation  was no t one 
which has been recorded in  th e  c a t  under f i e ld  c o n d itio n s . I t  appeared to  
be a tumour composed o f fo c i and sh e e ts  o f  lym phoblasts as w ell as fo c i o f 
mesenchymal c e l l s .
I t  h a s  b a m  observed in  experim en ta l fowl and m w ine leukaemiaa th a t
t h e • c a u e a l  a g e n t s  a r e  a a p a b i ©  o f  p r o d u e i n g  s t r i k i n g l y  d i f f e r e n t  t y p e s  o f ■ 
tamour accord ing  to  th e  experim en tal c o n d itio n s  i m p o s e d ,  ©«g* o s t e b p e t r o s i o  
in  the Sowl i s  accompanied l a  m m y  experimamte by a liigli in c idence  o f  nophro* 
b lastem as Um onrs) which appear to  he in sp ire d  by the  sm m v i t m
whicn r e s u l t s  in  o a tc o p c tro e ia  in  mOBfc caeca* Again, thymoctomiaed clay o ld  
lalco develop m yeloid leuW em ie when they  a re  Inocu la ted  w ith  a  v i t m  which 
causes ty p ic a l  lynxphatic leukaemia In  non^vthymoctomieed and aliam-thymoctomioed 
day-old  mice o f the  oame ioogenle  a t r a in ,  G r o s s  (1961).
I n i t i a t i o n  experim onta wltl% p re p a ra tio n s  from opontanaous tumour tiBsnm  
from f iê 'id  cam ù  o f  lymphooarcoma in  the  o a t which load to  m alignan t dlaeaooa
o f  q u ite  UEOxpeetod cha^^aetor are  rpossibrli^t^ifes whicïh must he rccognlcod*
The i 'u ta s t i i ia l  uleorri In  c a t  17457/5 ware ty p ic a l  o f  e a r ly  lymphoaarcomo,
I t  ie  in te r o a t in g  to  no te  th a t  t h o s e  la e io a a  were developing on the  oama B ite  
a s  the  i n t e s t i n a l  tumour m ias in  c a t  %*
The Ih te n t  p e rio d  o f c a t  $ makes i t  q u ite  poBBiht® tlmii o th e r  c a ts  in  
t h i s  oxperlmm.it may y e t develop lymphoonrcomn and bo th is  experim ent w i l l
co n tin u e , , i f  neceSQory, fo r  s e v e r a l  more y e a r s *
I t  I s ,  m  y e t ,  too  e a r ly  in  the  p ro je c t  to  be c e r ta in  th a t  th e  h io to -
lo g ic a l  changes in  th e  ap leen  a re  th e  prim ary s t a g e s ' in  the  development o f
the  dloeaoo in  th e  p m m g e  oxporimanta# u s in g  p re p a ra tio n s  from th e  experim ental 
c a se , 19377/10. However, th e se  ehenges a re  abnormal and they  do reeem ble, to  
some/
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some e x te n t ,  le s io n s  in  th is  organ which a re  knomu to  be a sso c ia te d  w ith  
lymphosarcoma in  n a tu ra lly  o ccu rrin g  cases in  c a ts .  In  one o f the  k i t t e n s ,  
the  presence o f p a r t i c le s  which were s im ila r  to  those found in  a s so c ia t io n  
xfith 19377/10, may w ell prove to  be ano ther im portant o b se rv a tio n  in  th is  
re se a rc h  programme, There i s  a lso  l i t t l e  doubt th a t  the  k i t t e n  whose marrow 
contained  high numbers o f b la s t  and stem c e l l s  d id  d ie  from a d isease  which 
i s  in d is tin g u ish a b le  from lymphosarcoma.
% e r e s u l t s  of the experim ents a re  c e r ta in ly  f a r  from d iscou rag ing  fo r  
th e re  i s  now some evidence th a t  the d ise a se  has been tran sm itte d  from spon­
taneous cases to  experim ental anim als on two occasions. There i s  a lso  some 
evidence th a t  t is s u e s  recovered  from one o f the  experim ental c a ts  have been 
used to  induce e a r ly  lymphosarcoma In  o th e r  experim ents, A v i r u s - l ik e  p a r t i c l e  
has been observed in  a s so c ia t io n  w ith  tumour c e l l s  in  2 c a ts  and the  p a r t i c l e  
was id e n t ic a l  to  one known to  cause leukaemia in  mice.
I t  took around 25 years  o f in te n s iv e  s tu d ie s  and the  p roduction  o f Isogen ic  
s t r a in s  o f mice before the v i r a l  hypo thesis o f the a e tio lo g y  o f  leukaemia in  
mice was proved beyond doubt by Gross (1951). I t  would, th e re fo re ., be 
s u rp r is in g  i f  i t  was found to  be a sim ple m a tte r  to  tran sm it lymphosarcoma 
from one c a t to  an o th e r, s in ce  the problems a re  probably  f a r  g re a te r . For 
one th in g , i t  i s  no t p o ss ib le  to  e s ta b l is h  iso g en ic  s t r a in s  o f c a ts  a t  p re s e n t.
F u rth e r p rog ress  in  the c a t  s tu d ie s  w i l l  con tinue to  be alow u n t i l  
reasonab le  q u a n ti t ie s  o f tumour t is s u e  can be induced to  grow under experim ental 
co n d itio n s . Modern techn iques in  V irology a re  a t  a stage  when, once th is  was 
p o s s ib le , the problems of leukaem ia in  the  c a t might xsfcll be solved w ith in  a 
very  sh o rt tim e.
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In  those  c a ts  in  which lynaphosarcoma was found or su sp ec ted , th e re  was 
an unusual haem atoiogica1 p ic tu re*  C irc u la t in g  norm oblasts were observed in  
vary ing  numbers, hu t no t in  a s s o c ia t io n  w ith  a fran k  anaemia* I t  may w ell 
be th a t  th i s  was a w e ll compensated haem olytic anaemia, b u t no marked d e p o s its  
o f haem osiderin  in  the  t is s u e s  was found a t  the  post-m ortem  exam inations,
On the o th e r hand, c i r c u la t in g  norm oblasts a re  freq u e n tly  found in  the  non- 
anaemic dog s u f fe r in g  from, m u lt ic e n tr ic  lymphosarcoma* This m ight prove to  
be a m ild loukaemic response in  the  e ry th ro id  c e l l  s e r ie s  in  both  sp e c ie s .
There xmre two v a lu ab le  c l i n i c a l  o b se rv a tio n s made in  these  experim ents. 
F i r s t l y ,  th e re  was the sudden development a la rg e  tumour mass in  the 
abdomen o f k i t t e n  19377/10 to g e th e r  w ith  the  ra p id  d e te r io ra t io n  in  the  
an im a l's  genera l condition* This was a dram atic  change over a p e rio d  of 4 
weeks, and in d ic a te d  th a t  the  o b se rv a tio n s  by many o m ers  th a t  t h i s  d isease  
i s  sudden in  o n se t may prove to  be accurate* Secondly, a  most c h a r a c te r i s t ic  
syndrome was observed in  some o f the  l a t e r  k i t t e n s .  They lo s t  c o n d itio n  
slow ly over an in te r v a l  of some weeks to  become markedly em aciated. In  
the  U nited Kingdom, th i s  i s  a most r a r e  syndrome to  fin d  in  young c a ts  which 
a re  f re e  from a very  heavy burden o f in te r n a l  p a ra s i te s .
gARï 'E m m .
ÏHE CAUBSAtlOM OF AM EIÆCTOOMIC PM'glClÆ CODMTEa FOR WAÏ. 
MVTHROCXIE A m  total LEUCOGÏTE COUNTS OF CAT BLOOD.
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During the  l a s t  decade» e le c tro n ic  p a r t i c l e  countere have been dev ised  
which a re  capable o f counting  sm all p a r t i c l e s  suspended in  a f lu id  medium.
In  comparison to  the  t r a d i t i o n a l  methods o f e s tim a tin g  the  c o n ce n tra tio n  o f 
p a r t i c le s  p e r u n i t  volume, th e  e le c tro n ic  method o f fe r s  c e r ta in  advantages.
I t  Is  ra p id  and a cc u ra te  and demands th e  minimum o f  te c h n ic a l s k i l l .  In 
a d d it io n , s in ce  very  la rg e  numbers o f p a r t i c l e s  can be counted p e r e s tim a tio n , 
i t  leads to  a ve ry  marked re d u c tio n  in  th e  f i e l d  e r r o r .
E le c tro n ic  coun te rs  have been d escrib ed  and c a l ib ra te d  fo r  human e ry th ro ­
c y te s  by Brechor e t  a l  (1956), fo r  human leucocy tes by R icher & B rekkell (1959) 
and fo r  the  e ry th ro c y te s  o f th e  p ig , sheep and c a t t l e  by Weld© e t  a l  (1962),
No re p o r ts  have been pub lished  on the  blood c e l l s  o f the  c a t .
An e le c tro n ic  p a r t i c l e  coun ter was ev a lu a ted  as p a r t  o f a  programme to  
a s c e r ta in  i f  haem ato log ical m arkers were p re se n t in  the  blood o f cases  o f 
experim en tal lynaphosarcoma in  the  cat*
THE REINCIPXÆB OF AN EIECTRONIG RARTlcm COUNTER,
An e le c tro n ic  p a r t i c l e  coun ter i s  an in strum en t designed to  reco rd
changes in  r e s is ta n c e  to  a stead y  e l e c t r i c  c u rre n t  which p asses between two
(fp latinum  e le c tro d e s  im iersed  in  an e lec tro l^ re  s o lu t io n . The so le  pathway 
fo r  th i s  c u rre n t  i s  through a  sm all opening p laced  in  a s o l id  g la ss  b a r r ie r  
between the  e le c t ro d e s , As a suspension  o f poor conducting p a r t i c l e s ,  such 
as blood c e l l s ,  in  a good conducting  f lu id  miedium passes a t  a  s tead y  r a t e  
through/
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through th e  o r i f i c e ,  an in te r m it te n t  change in  r e s is ta n c e  to  th e  c u rre n t 
develops whenever one o f  the  p a r t i c l e s  n e g o tia te s  the  apertu re*  The v o lta g e  
p u lse  which i s  produced i s  d i r e c t ly  p ro p o r tio n a l both  to  th e  voluine o f  the  
p a r t i c l e  and the  cu rren t*  A p a r t i c l e  which i s  tw ice the  volume o f  i t s  
neighbour w i l l  cause tw ice th e  v o lta g e  change, and h a lv in g  the  c u rre n t w i l l  
load to  a 50% f a l l  in  th e  v o lta g e  p u lse  fo r  th e  same p a r t ic le *  A ll  p a r t i c l e s ,  
in c lu d in g  sm all p a r t i c u la te  m a te r ia l  in  th e  su spension , produce v o lta g e  
changes o f v a ry in g  s iz e s  a s  they  pass through th e  o r i f i c e ,  and thus a th re s h -  
ho ld  has to  be determ ined to  d is t in g u is h  those p a r t i c l e s  which a re  to  be 
included  In  th e  a c tu a l  count from background d e b ris  which has to  be screened  o f f ,
Tm GOUhTER COtlNTBE* MOmt "D".
T his in strum en t was designed  s p e c i f ic a l ly  fo r  t o t a l  e ry th ro c y te  and t o t a l  
leucocy te  counts o f human blood* The d iam eter o f  the  a p e r tu re  i s  100 p.
T his must be n o t le a s  than  4 - 5  tim es th e  maximum diam eter o f th e  p a r t i c l e s  
to  be counted* In  t h i s  in strum en t i t  i s  p o s s ib le  to  p r e - s e t  a th re sh o ld  fo r  
both  the  red  c e l l s  and the  w hite c e l l s  o f  th e  blood. The counts a re  r e g is te r e d  
on a decade coun ter and the  v o lta g e  p u lse s  can be observed on an o sc illo sc o p e  
soreen* C e ll suspensions in  a beaker a re  mounted on a sp r in g  p la tfo rm  below 
the  o r i f i c e  tube . The a c tu a l  o r i f i c e  and th e  e x te rn a l  e le c tro d e  must bo th  
be (immersed com pletely  in  the  suspension  o f p a r t i c l e s  a t  every  count,
During o p e ra tio n s , th e re  a re  c e r ta in  o b se rv a tio n s  which enab le  a tra in e d  
te c h n ic ia n  to  judge the  accuracy o f  a g iven count. Probably  the  m ost im portan t 
in d ic a t io n  o f accuracy  i s  g iven by th e  c h a r a c te r i s t i c  cadence o f th e  in stru m en t. 
If/
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t h i s  a l t e r s  in  tone o r speed then  th e  oonnt i s  being  in te r ru p te d  fo r  some 
reason . Another in d ie a to r  i s  th e  p a t te r n  o f v o lta g e  p u lse s  on the  o sc illo sc o p e  
screen# In te r ru p tio n s  o f  the  count o r abnormal p a r t i c l e s  in  the  suspensions 
a re  residiXy recogn ised  on th is  screen* Blockages o f the o r i f i c e  may be t o t a l  
o r Incom plete and th i s  can be checked d i r e c t ly  by means o f  a  m icroscope which 
can be focused on to  th e  apertu re*  ïh e  mean in te r v a l  o f a count la  roughly  
20 seconds. I f  t h i s  p e rio d  leng thens * th e  accuracy o f the  count i s  question*  
a b le . F i n a l l y s i n c e  i t  tak es only  a  m a tte r  o f seconds lo r  an in d iv id u a l 
c o u n t3 r e p l ic a te  counts from th e  same suspension  may be employed to  e s tim a te  
accuracy .
An e le c t r o ly te  so lu tio n ^  e i th e r  s a l in e  o r phosphate b u ffe red  s a l in e
i s  f i l t e r e d  through a .5" d iam eter s in te re d  g la ss  f i l t e r  to  ensure
a  background count which i s  n o t much g re a te r  than  200*250* Any s u b s ta n t ia l ly  
h ig h er count must be su b tra c te d  from the  t o t a l  blood c e l l  count,
Two samples o f 20 m l. f i l t e r e d  P.B*S. a re  p laced  in to  two s u i ta b le  beakers 
0,04' m l. o f w e ll ml^ed blood i s  drami in to  a p ip e t te  which i s  then  c a re fu l ly  
wiped c le a n , The t i p  o f the  p ip e t te  i s  p laced  in to  the  s o lu tio n  in  th e  f i r s t  
beaker and the  blood i s  slow ly blom i towaXÛQ th e  bottom . The p ip e t te  i s  
then  g e n tly  waslied ou t w ith  th e  c le a r  s o lu t io n  a t  the  to p . The beaker i s  
stoppered  and the suspension  thoroughly  mi^Eed by g e n tle  a g i ta t io n  to  produce
a 1)500 d i lu t io n  o f the  o r ig in a l  blood ( S t r i c t l y  1 :501). 0*2 ml. o f  th is
suspension  i s  withdrawn and t r a n s fe r r e d  to  the  second beaker and a s im ila r  
technique i s  employed to  c re a te  a 1:50^000 d i lu t io n .
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To c a r ry  ou t a  t o t a l  leucocy te  coun t, 0 ,2  m l, o f a 2% saponin  so lu tio n  
i s  added to  the  1)500 suspension* s p e c ia l ly  p u r i f ie d  and te s te d  saponin  i s  
supp lied  fo r  th i s  purpose by the  m anufactu rer and th is  r e s u l t s  in  haem olysis 
o f  the  e ry th ro c y te s  in  th e  suspension  w ithou t immediate damage to  the  w hite 
c e lls*  A fte r  approxim ately  10 m inu tes, th e  red  c e l l  d e b ris  has become very  
f in e ly  d iv id ed  and the  count can be c a r r ie d  o u t, The beaker i s  now g en tly  
a g ita te d  to  ensure  com plete m ilfo rm ity  o f the  suapensioUg b u t ca re  must be 
taken to  ensure th a t  undue f ro th  does no t develop which would produce fa ls e  
h igh  coun ts , The count can now be c a r r ie d  ou t a t  the  a p p ro p ria te  th re sh o ld  
s e t t in g .  The a c tu a l  r e s u l t  on th e  decade coun ter i s  the eq u iv a le n t 0 6  the  
number o f  leucocy tes pe r cubic m ill im e tre , s in c e  th e  Instrim ient counts 0*5 ml.
« 500 e u ,mi* o f  a 1:500 d ilu tio n *  The background e le c t r o ly te  count must be 
su b tra c te d  from th is  r e s u l t  i f  i t  i s  h igh  enough to  in flu en ce  the  t o t a l  count.
E ry th rocy te  counts a re  c a r r ie d  ou t a t  th e  ap p ro p ria te  in strum en t s e t t in g s ,  
w ith  the  I 250,000 d i lu t io n .  Both red  and w hite  c e l l s  a re  p re se n t in  th i s  
su spension , but th e  w hite  c e l l s  can be ignored  u n less  the  t o t a l  leucocyte  
count i s  h igh  and w i l l  in flu en ce  th e  t o t a l  e ry th ro c y te  count* Again, the 
background count must be determ ined to  ensure  th a t  i t  does no t a lso  in flu en ce  
the  c e l l  coun t. Any s u b tra c tio n s  fo r  th ese  reasons should be c a r r ie d  ou t 
a f t e r  th e  red  c e l l  count has been a d ju s te d  fo r  co incidence lo ss  (see  below ), 
bu t befo re  the  r e s u l t  i s  m u lt ip lie d  by 100 to  c o rre c t  fo r  the  f a c to r  o f  d i lu t io n .
comoiDEm mss.
As th e  number o f  p a r t i c l e s  tra v e rs in g  th e  o r i f i c e  per 0*5 m l, a l iq u o t  
r i s e s g /
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r i s e s g a p o in t i s  reached where th e  instrum ent o ccasio n a lly  reco rds only one 
c e l l  when two or more pass through the  o r i f ic e  sim ultaneously . This r e s u l t s  
in  a decade counter read in g  which i s  lower than  the tru e  number o f c e l l s  which 
passed through. These c e l l  groups occur in  samples o f 2j 3^ 4 and so on in  
a Poisson d is t r ib u t io n .  C harts a re  provided by the  m anufacturers g iv ing  
c o rre c te d  counts above lOgOOO on the  decade coun ter. This means th a t  alm ost 
every t o t a l  e ry th ro c y te  count must be c o rre c te d  as w ell as a l l  leucocyte 
counts over 103000 .
THE FACTORS OF IHFOmHCE IN GALIBmTIEG M  EtECTROKlO CO0MTEE.
The makers* in s tru c t io n s  a re  based on s tu d ie s  o f human blood c e i l s  and i t  
i s  necessary  to  ensure th a t  th e  instrum ent i s  a lso  accu ra te  fo r  blood c e l l  
counts on sp ec ies  whose blood c e l l s  a re  not id e n t ic a l  in  volume*
Five fa c to rs  have to  be considered  when c a l ib r a t in g  the  in stru m en t3 1) 
the  apparatus i t s e l f  should be p re c ise  enough to  ensure r e p e a ta b i l i ty  of 
counts frora the  same suspensions 2 ) op tim al a p e rtu re  c u rre n ts  and th resh o ld s  
must be a sc e r ta in e d  fo r the  blood c e l l s  o f the  sp ec ies  under study* 3 ) the 
e le c tro n ic  method must be compared w ith  an e s ta b lish e d  method3 4 ) the  
instrum ent must be shown to  be r e l i a b le  and 5) the  apparatus should be 
accu ra te  over a p red ic te d  range,
CALIBRATION FOE TOTAL ERYTHEOCYTE COUNTS.
EXPERIMENT I .
The R e p e a ta b ili ty  o f the  In s trm ie n t.
This was a p re lim in a ry ? ;te st to  f in d  ou t i f  the  instrum ent was ab le  to  
reco rd  c o n s is te n t  counts from the same suspension o f p a r t i c le s  employing the 
maker * s /
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m aker’s e s tim a tio n s  reg a rd in g  a p e r tu re  c u rre n t  and th re sh o ld  s e t t in g s  fo r  
f e l in e  blood c e lls*
t o r l a I s  and methods * The s i t e  o f  venepuncture was one o f  th e  super* 
f l c i a l  e a r  v e in s  which lie c  a long  the  e x te rn a l  border o f th e  p inna o f  th e  ea r 
o f th e  c a t .  The h a ir  over a v e in  was c a re fu l ly  shaved w ith  a dry ra s o r  b lade 
and the  s i t e  was thoroughly  c leaned  w ith  a b so lu te  a lco h o l and allow ed to  d ry 3 
befo re  a sm all tra n sv e rse  s e c t io n  was made through the  r a is e d  v e in . Once the  
blood was flow ing f re e ly  and th i s  m ight have taken  30*60 seconds ^  th e  v e in  
was compressed again  to  ensure  a  c o n tin u in g  flow . T h ir tee n  c a ts  were b led  
ill th i s  fa sh io n  and in  each c a se , a  1:500 d i lu t io n  o f blood in  x^as
p repared  w ith  a 0 ,04  m l, p ip e t te  and 20 m l, Ï?,B,S, x^ith a  known lox? background 
coun t, From every  I s 300 su sp en sio n , 0*2 m l. was t r a n s fe r re d  in to  2 0 .ml,
Î?,B.S* to  make a f in a l  d i lu t io n  o f 1 :30 ,000,
Each o f  th e  13 suspensions was counted in  the  in strum en t 6 tim es » a  t o t a l  
o f  78 se p a ra te  co u n ts . The f i r s t  3 counts froîa each sample were c a r r ie d  ou t in  
su ccess io n  mid in  a s e r ie s  from c a t  1 to  c a t  13. The rem aining  counts* 39 
in  a l l s  were p e rfo m ed  in  random o rd e r.
R e su lts  and 'conclusions.
Table 72 g ives th e  6 counts p e r  sample 3 the  moans and th e  c o e f f ic ie n ts  
o f  v a r ia t io n .  The V v a rie d  from 0.61% to  2*04%, in d ic a t in g  th a t  th e  in* 
strum ent showed enough p re c is io n  to  m e rit  a  more d e ta i le d  c a l ib r a t io n .  From 
th ese  r e s u l t s  th e re  xms no evidence th a t  marked d if fe re n c e s  e e re  found 
between su ccess iv e  counts and those  which were c a r r ie d  ou t in  random o rd e r .
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T m m  72.
Eziperiment Is E e p llc a te  T o ta l E ry th ro cy te  Couats o f Blood from 
D if fe re n t C ats to  I l lu s t r a t a  the  R e p e a ta b ili ty  o f  the  Xnstrumeut,
R e p lica te  c o u n ts< x 10^
1st 2ntl 3rd 4th 5 th 6th Mean S.D, c.v.
W  OfciWlFWIW^ e,,**! W 4P[H4
Oat 1 8.69 8.65 8.71 8.60 8.58 8.59 8,54 ± 0.0557 0.64
2 7.39 7.36 7.36 7.27 7.23 7.31 7.32 ± 0.0781 1.07
3 8,19 8.29 S. 23 8.10 8.05 8.00 8.15 ± 0.1149 1.41
4 7.81 7.81 7.81 7.77 7.62 7.67 7.75 ± 0,0831 1,07
3 9.87 9.99 9.90 9.77 9,74 9.86 9.86 ± 0,0906 0,92
6 6.49 8.62 8.52 8.49 8.48 8.39 8.50 ± 0.0742 0.87
7 7.23 7.18 7.19 7.10 7.08 7.15 7.16 ± 0.05745 0 .80
8 8.66 8.77 8.79 8,44 8.36 8.66 8.61 ± 0.1758 2.04
9 6.99 6.96 6.96 6.88 6.68 6.91 6.90 t  0.1131 1.64
10 5.68 5.59 5.64 5.63 5.68 5.66 5,65 ± 0,0346 0.61
12 5.21 5.26 5,25 5.23 5,25 3.35 5,26 ± 0.04796 0.91
13 3.67 8.60 8.63 %,52 8.37 S. 52 8.55 ± 0.1072 1.25
Background count 2S0,
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The Ont Iraqi C urren t and Thresho ld  B e ttin g  fo r T o ta l E ry th rocy te  Counts
î^ a te r ia ls  and methods* A ccurate i n i t i a l  d i lu t io n s  o f blood were n o t 
necessary  In  th i s  experim ent s in c e  th e  volumes o f the  c e l l s  xmte im portan t 
r a th e r  than  th e i r  t o t a l  numbers* The techn ique used was such th a t  the  con* 
c e n tra t io n  o f  the  blood c e l l s  would be w ith in  the  normal range*
Approxim ately 2 ml, smiaples o f  blood ware wifchdratm from the  r ig h t  
c ep h a lic  v e in s o f 12 c a ts  xAich were f re e  frora sig n s of c l i n i c a l  d ise a se . 
S t e r i l e  d isp o sab le  c le a r  p l a s t i c  sy rin g e s  x^ere used w ith  256 x 5 / 8 th  inch  
s t e r i l e  d isp o sab le  hypodermic needles* These sy rin g es  and need les were 
washed o u t im m ediately beforehand w ith  a  s o lu t io n  o f 3% N/V o f EDTA in  0.7% 
H a d  s o lu t io n  to  p rev en t co ag u la tio n  o f  the  blood. 100 ml, o f  a  1:50^000 
d i lu t io n  o f blood in  F*B,8. (low background count) was p repared  by a  two*stage 
d i lu t io n  method* In  a volum entric  f la s k ,  1 m l. o f x^ell*mlxed blood was made 
up to  500 ml. xrith F*B.S* and th en  1 m l, o f th i s  suspension  was d i lu te d  100 
tim es in  a  second vo lum etric  f la s k .  Each f i n a l  suspension  was g e n tly  a g ita te d  
throughout the  experim ent to  p rese rv e  u n ifo rm ity  in  th e  suspension .
Approxim ately 20 m l. 8ub*#samples were employed fo r  the  a c tu a l  coun ts .
There xfere th re e  reasons fo r  t h i s , 1) the  beakers used on the  in strum en t 
were too sm all to  hold th e  volume re q u ire d  to  complete th e  experim ent, 2)
Small sub-*samples could be used B r ie f ly  and then  d iscarded  befo re  th e  sus« 
pension  had time to  s e t t l e  to  any e x te n t and 3) the  e f f e c t  o f  th e  e l e c t r i c  
c u rre n t on the  blood c e i l s  xmuld be miniiiaal.
AC ^
The background count o f  th e  f i l t e r e d  F*B.S, which was used fo r  each 
sample was read  a t  a p e r tu re  c u r re n t  3 and th re sh o ld  S,
At a p e r tu re  c u rre n t XX, each o f  the  12 sam ples was counted In  a  th re sh o ld  
s e r ie s  beg inn ing  a t  0 and r i s i n g  to  th re sh o ld  45 in  u n i ts  o f  5, At the  com" 
p lo tIo n  o f  t h i s  s e r i e s ,  fou r fu r th e r  read in g s  xmre taken  a t  in te rm ed ia te  
s e t t in g s  o f 7a 9^ 12 and 17*
T his procedure was re p e a te d  as b e fo re , bu t a t  aperture, c u rre n t XXI* In  
a d d it io n , Wo fu r th e r  read in g s  were made a t  the  end a t  th re sh o ld s  19 and 3,
R e su lts  and C onclusions, The r e s u l t s  employing a p e rtu re  c u rre n ts  I I  
and XXI re s p e c t iv e ly  a re  shown in  T ables 73 and 74* With a p e r tu re  c u rre n t 
I I ,  read in g s  became s ta b le  from th re sh o ld  7 to  th re sh o ld  10, I f  p lo t te d  as 
a cw m la tlv e  frequency l in e  on a graph, th ese  read in g s c re a te  q u ite  sh o r t  
p la te a u x  preceded by i r r e g u la r  and in a c c u ra te  coun ts a t  lower th resho ld*  
e,g* in  7 o u t o f  th e  12 sam ples, the  counts a t  th re sh o ld  5 were '^ in te rrup ted ,* ' 
There was a ls o  a sudden drop In  counts over th re sh o ld  10 which in d ic a te d  th a t  
a s u b s ta n t ia l  p a r t  o f the  c e l l  p o p u la tio n  lay  between th re sh o ld  5 and th re sh o ld  
10. With an a p e r tu re  c u rre n t o f XX, th e re fo re ,  i t  would be n ecessa ry  to  
s e le c t  a  th re sh o ld  around 7 which would then  be r a th e r  c lo se  to  th re sh o ld s  
x7hlch re p e a te d ly  gave f a ls e  read in g s  due to  a  com bination o f  c e l l s  and d e b r is . 
In  a d d it io n , the  ty p ic a l  o sc illo sc o p e  p a t te rn s  a t  th i s  a p e r tu re  c u rre n t were 
too sh o r t  to  d is t in g u is h  c e l l  sp ik es from those  o f  d e b ris  a long  th e  b a se lin e .
An apertux 'e c u rre n t  o f  XIX was p re fe r re d  fo r  ro u tin e  counts* The r e s u l t s  
showed th a t  th e  p la te a u x  were much w id e r, roughly  over th re sh o ld s  7 to  12. 
C ounts/
TABLE 3
Threshold Goimté* o f  1550.000 D ilutions
Sample Counts 10
Threshold
Settin g 1 2. 3 4 5 6
0 # (4 ,37) (3 ,52 ) *» (3 .0 6 )
s 6.35 0.29 (5 .3 9 ) (4 ,86 ) (4 .59 ) 5.07
10 6*79 8.52 6.63 6.25 6 .IS 5.53
15 3,43 5.81 3.24 4.45 4.45 3.33
20 1,37 2.26 1.36 1.56 1.73 1.31
25 0,64 1.17 0,63 0,73 0.73 0,35
30 0.31 0*61 0.28 0,39 0.38 0 .28
35 0,14 0,29 0.13 0.17 0.17 0,12
40 0,07 0* 12 0.07 0.07 0 ,5 0 0 .06
45 0,05 0.06 0*05 0*03 0.37 0.03
7 7,07 a .5 i 6.85 6.15 5.97 5.38
1 6,96 s .  55 6.83 6,19 6.15 5.46
12 5,65 7 ,7 5.37 5.84 5.76 4.99
17 2.09 3.04 2.01 2,98 2.86 2.35
Actual Background Counts o f  F.B,S.
5 30 70 50 100 100 100
* Count0 greater than 10,000 have been corrected for coincidence loss*  
"Interrupted" counts are in  brackets.
7 8 9 10 11 12
• (5 ,33 ) (3 ,20 ) (5 .57 ) (3 .35 ) (2 .51 )
(4 .93 ) 8.63 (4 .9 2 ) 7.58 (4 .87 ) (4 .07 )
6.69 9.37 6 .00 8.77 6.42 5 .4
5.52 7.88 2,96 4.97 4.36 3.92
2.85 4.12 1.03 2,00 1.79 1.50
1.25 2.09 0.51 1.09 0.83 1,26
0.65 1.19 0.23 0,37 0.45 0.33
0.37 0.63 0 .10 0.25 0.21 0.17
0 .20 0 .34 0 .06 0.13 0.13 0 .08
0 .10 0.16 0.05 0.07 0.07 0, Oil-
6.74 9.23 6.35 9.07 6.31 5.63
6.88 9.36 6.45 8.96 6.48 5.74
6.67 9.19 5.36 7,48 5.84 5.29
4 .80 6 .0 1.73 3.46 3.16 2.76
30 70 85 85 100 100
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Threshold comits^ o f  1 î5 0 $ ^ 0  D ilutions
S a m p l e  C o u n t s  x  1 0
ThreshoId 
B e ttin g 1 2 3 4 5 6
0 # (5 .09 ) (4 .06) 'W (3 ,4 1 )
5 (5 ,92 ) 8.,25 6,68 (5 .56 ) 6.12 5.58
m 7.18 8.67 7.52 6,39 6.32 5,03
15 7.14 8.81 7,51 6.38 6.39 S .59
20 6.52 8.56 6.74 6,27 6,28 5,27
25 4 .44 7.14 4,57 5,47 5.46 4 .26
30 2.43 4.57 2.44 3,55 3,48 2.31
35 1.60 2*60 1,57 1*87 1*86 1.39
40 1.07 1.66 0,98 1.14 1,11 0.84
45 0.72 1,24 0.67 0.75 0*73 0.36
7 7.24 8.39 7.49 6 ,30 6,22 5,53
â 7.32 8.55 7,56 6.35 . 6*33 5,63
l a 7.31 . 8.73 7.53 6.35 6,46 5,55
17 7.04 8*71 7,44 6.30 6.30 5.53
19 6.68 8.53 6*85 6.25 6,27 5 .40
3 6.95 7.73 6.73 5.63 5 .70 5.23
Actual Backp'round Counts o f  F.B.S.
5 30 70 50 100 100 100
Counts greater than 10*000 have been corrected for coincidence loss#  
"Interrupted" counts are in  brackets#
o f  Oat Blood at Aperture Currant I II,
*3 d? a
7 8 9 10 11 12
(5 .61 ) (3 .8 4 ) (5 .12 ) (4 .1 7 ) (3 ,2 7 )
(5 .66 ) 8.7 (5 .0 7 ) (7 .2 8 ) (5 .5 6 ) 5,66
6.89 9.18 6.94 9. IS 6,71 5*82
7,02 9.37 6.80 9.21 6.67 5,87
7.00 9.53 6.15 8.91 6.39 5*66
6.64 9.00 4 .39 6.85 5.01 4*92
5.71 7.02 2.33 4 .53 3.66 3*34
4 ,93 4 .71 1.24 2.77 2.19 1*95
4,29 3.02 0 .80 1,78 1,31 1.12
3.05 2 .00 0.53 1,21 0.87 0 .70
6,99 9,12 6.05 8.93 6.61 5*75
7.20 9.22 6.91 9.02 6.61 5 .80
6.91 9,33 6.87 9.14 6.67 5.76
7,03 9.53 6.69 9.25 6.64 5.75
7,04 9.48 i 6.32 9,10 6.48 5*60
(5 .33 ) 7.9 (5 .4 7 ) 7 ,8 (5 .11 ) 5*16
50 70 85 85 100 100
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Counts tended to  f a l l  o f f  le s s  a b ru p tly  as the  th reah o ld s  ro se , Although 
" in te r ru p te d "  counts were j u s t  as  common a t  th re sh o ld  5 w ith  t h i s  c u rre n t g 
an op tim al th re sh o ld  could be s e le c te d  w e ll away from t h i s  source  o f  e r r o r ,  
Threshold 10 was considered  to  be s u i ta b le .
With an a p e r tu re  c u rre n t  o f I l lg  re p e a t read in g s from the  same sample 
a t  th re sh o ld  10 and 15 and a ls o  a t  7g 12 and 17p were very  s im i la r g although  
th e  l a t t e r  four counts were tmde in  su ccess io n  much l a t e r  in  th e  experim ent 
than  the  read in g s  a t  th re sh o ld s  10 and 15 and from a  d i f f e r e n t  a liq u o t  o f 
the  I s 50g000 suspension . At th re sh o ld s  19 and 20 the  r e s u l t s  were a ls o  con* 
s i s t e n t  in  each sample.
A Comparison of T otal  _gryth r ocyte  Counts W Cleans o f t he E lec tro n ic  and the  
V isual Methods*
I f e te r ia ls  and methods. Approxim ately 2 m l. samples o f blood were c o lle c te d  g 
as d escrib ed  in  Experiment 2g f r a a  16 c l i n i c a l l y  h ea lth y  c a ts ,  O.CM- ml, o f 
blood from each sample was mixed %fith 20 ml, P .B .S . to  g ive a  suspension  o f  
1:500 and then  0 .2  ml* o f t h i s  d i lu t io n  was mixed w ith  ano ther 20 ml. Ï?,B.S. 
to  c re a te  a second suspension  o f 1 :50 ,000. The 1:500 d i lu t io n  was used to  
f i l l  coun ting  chambers o f improved Neubauer Haemocytometers, so th a t  a d i r e c t  
comparison could be made between th e  e le c tro n ic  counts end the  t r a d i t io n a l  
chaanber com its by amans o f a common 1 î50û d ilu tio n *  Red c e l l  Thome p ip e t te s  
were employed to  t r a n s fe r  th e  1:500 suspensions to  the  haeraocyoraeters.
Whenever p o s s ib le , 6 chambers were counted In  the manner recommended by 
B aeie/
' d47
B a d e  (1961). F i l le d  haemoey tome to r s  were s to re d  tem porarily  in  a  c le a r  
p l a s t i c  box co n ta in in g  m oistened gause to  reduce evapo ra tion  from the  counting  
chambei^s. Any which showed sig n s  o f ev ap o ra tio n  o r flood ing  were no t counted.
Each o f the  1:50,000 suspensions was counted e le c t r o n ic a l ly  6 tim es, 
i f  p o s s ib le , a t  a p e rtu re  c u rre n t I I I  and th re sh o ld  10. The f i l t e r e d  F .B .S . 
background count was a ls o  reco rded . The rem ains o f each 1:500 suspension  was 
used to  e s tim a te  the  t o t a l  leucocy te  count to  ensure th a t  i t  d id  n o t exceed a 
le v e l which would in tro d u ce  an u n n e c e ssa rily  h igh  a d d it io n a l  e r ro r  in to  the  
red  c e l l  count*
R esu lts  and conclusions* The d a ta  a re  p resen ted  In  Table 75, The co* 
e f f i c i e n t  o f v a r ia t io n  w ith  th e  v is u a l  method ranged from 2.0% to  9.45%,
The range w ith  the  e le c tro n ic  method, employing the  same blood sam ples, was 
from 0*07% to  1.21%,
The r e s u l t s  were su b jec ted  to  s t a t i s t i c a l  a n a ly s is .  Using th e  method 
o f l e a s t  sq u a re s , where x was e q u iv a le n t to  the  haemocytometer counts and y 
was eq u iv a le n t to  th e  e le c tro n ic  c o u n ts , th e  l in e  o f re g re s s io n  o f y on k 
was y ^ 0.86158x 4- 1.138981, The c o r r e la t io n  c o e f f ic ie n t  was r  -  4- 0,9429,
The s tan d ard  d e v ia tio n  from th e  re g re s s io n  was a ,^ •« 25,088, Expressed as 
the  c o e f f ic ie n t  o f v a r ia t io n  from th e  r e g re s s io n , when :i -  x , t h i s  equalled
% -  25 .088 ,3: 100 % -  3,3% approxim ately .
y 759.0625
The r e s u l t s  in d ic a te d  t h a t  th e re  was a  c lo se  r e la t io n s h ip  between the 
two methods.
TABm 7 5
Esiperimant 3 s. ■ T o ta l ,E ry th rocy te  Comits
Sample
ïlaeraocy tome t e r  count s
Estim ated
Humber
Number o f ' 
chamber coimte
Mean o f  : 
chamber counts V ariance S,D. C.V.
‘ Brytlirocy 
counts
‘/cU.Mt.X
I 6 313.3 39*46 t  6.82 ■2.00 7.83
2 6 330.8 228.16 ±13.108 4,37 8.28
3 6 285.3 726,66 ±26,939 9,43 7.13
4 5 276*8 120.93 ±11,00 3,97 6,92
5 6 360.8 260.76 ±16*13 4.48 8,53
6 6 283,5 216.16 ±14,702 a . 15 7 .10
7 6 313.3 115,10 ±10,728 3.42 7,85
8 6 296,2 41,36 ± 6.431 2,17 7 .40
9 5 273.4 232,24 ±15,881 a ,  81 6,83
10 5 239*6 114.80 ±10.714 4.13 6.46
11 6 248.8 102.96 ±10.13 4.08 6.23
12 6 318,2 857.36 ±29.280 9 .2 7,95
13 6 323,0 646.00 ±23.417 7,87 8,08
14 6 352.2 189.76 ±13.777 3.91 9 .00
15 6 308,8 63.76 ± 7.985 2.39 7.72
16 5 255,6 180,80 ±13.443 5.26 6,48
Using Vieua'i and E le c tro n ic  Methods
c
Baîiîpli
E le c tro n ic  Counts (C o rrec ted )
E stim ated
imber
Nttmber o f 
R e p lic a te  counts
Mean o f 
R e p lica te  counts V ariance S.B. C.V*
count!
/cu.mm,
X 6 80,300 780,000 ±883 1.1 8,03
2 6 83,030 14,000 ±118 0.14 8.30
3 6 76,330 142,000 ±377 0.49 7.55
4 6 68,950 334,000 ±578 0,84 6.89
5 4 81,200 960,000 ±980 1,21 8.12
6 6 71,620 438,000 ±662 0.92 7*16
7 6 77,800 428,000 ±654 0,84 7.78
8 6 80,020 134,000 ±366 0*46 7,85
9 6 71,220 402,000 ±634 0.89 7.12
10 3 65,300 « « «. 6.53
11 4 66,950 57,000 ±239 0.36 6.69
12 4 83,850 170,000 ±412 0.49 8.39
13 6 77,150 3,000 ± 54 0.07 7.71
14 4 90,600 160,000 ±400 0.44 9.06
15 5 77,700 235,000 ±485 0,62 7*77
16 3 65,000 MW *3» 6.50
aEXPERmSNT 4.
Erytlirocyl'to Pi X ution. Ea^per. Imeni; .
This e^qserlment was designed to  a s c e r ta in  i f  the  counter %ms accu ra te  
throughout i t s  p re d ic te d  range#
M aterla la  and m ethods, 2 ml, samples o f  venous blood were withdrawn from 
6 d i f f e r e n t  c a t s , From each blood sam ple, 5 x 20 ml, o f a  1:50,000 suspension  
o f blood in  F .B .S*, xfere p repared  and then  mixed to  give roughly  100 ml* o f 
a  1:50,000 suspension* From each 100 m l. suspension , the  follow^ing d i lu t io n s  
were made, 20 ml* o f th e  suspension  was withdrawn to  be used as a 1:1 d i lu t io n ;  
10 ml. was added to  10 ml. o f  to  produce a 1:2 d i lu t io n ;  5 ail* was
added to  10 ml* F.B.S* to  make a 1:3 d i lu t io n ;  5 ml. xizas added to  15 ml.
F.B.S* to  make a 1:4 d i lu t io n ;  5 ml. was added to  20 ml* F.B .S, to  give a
1:5 d i lu t io n  and f i n a l ly ,  5 ml* was added to  25 ml* F .B .S. to  produce a
d i lu t io n  o f 1 :6 . 0*04 ml* and 0 ,2  ml* p ip e t te s  were used to  make th e  i n i t i a l
1:50,000 suspensions and 5 ml* and 10 ml* Gold Line E^Mil p ip e t te s  were 
employed to  p repare  the  h igher d i lu t io n s .
Each o f the  6 d i lu t io n s  from each blood sample was counted 6 tim es in  
succession  a t  th re sh o ld  10 and A perture Currentt I I I .
R esu lts  qnd co nc lu sions. The d a ta  o f th i s  experim ent a re  p resen ted  in  
Table 76. I t  x^lll be noted from eolmm 2 and column 3 in  t h i s  t a b le ,  th a t  
the  r e la t io n s h ip s  between the  mean.,. % .of observed read ings and those which 
were expected were c lo se  enough fo r  the  assum ption th a t  th i s  iïistrum snt was 
a cc u ra te  over i t s  normal xmrking range o f I  to  9 m ill io n  red  c e l l s  p e r cu.mm.
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Experiment ....Erythrocyte,
Sample 1 Sample 2*
Dilution Expected%
Mean
observed " ' t&an % 6 counts 
& S.B.
Mean
%
Ifcan 
6 counts 
^  S.D.
Moan
%
I t  50,000 loo 100 83,100± '502 100
90,600# loo
1:100,000 50 53 43,900 ± 270 52. a
48,500 
± 255 33,5
1:150,000 33.3 36,1 29,500 ± 173 35.5
34,500 
± 224 38.1
1:200,000 25 27.1 22,600 ± 81 27.2
25,200 
± 89 27,8
1:250,000 20 21.9 17^900 ± 100 21.5 20,200 ± 276 22.3
1:300,000 16.6 17.4 14,400± 190 17.3
15,700 
± 179 17,3
Gounto a t  D iffe re n t DiXutlgnQ,
A O U
Sample 3. Sample 4 *. Sample 5. Sample 6 .
Mean 
6 counts & S.D.
I&an 
% C:
Mean 
} counts
& s.:o.
Mean
%
Ifeaa 
6 counts 
& S .» ,
Mean
%
Mean 
6 counts 
& S.B.
Mean
%
82p400
± 608 100
75,600 
± 482 too 78,300 ± 729 100 57,500  ± 3%2 100
43,500
± 265 52.8
40,100 
± 141 53
41,800  
6 214 53.4
30,200
± 167 52.5
28,800
± 3X3 34.9
27,300t  161 36.1
28,200  
± 335 36.0
R0,700
± 100 36 .0
22,000 
± 184 26.7
20,700  
t  161 27,4
21,200 i  77 27.1 15,500± 214 26.8
17,600 
± 77 21.4
17,000 
± 89 22.5
17,100
± 228 21.8
12,600
± 141 21*9
14,200 
± 77 17.2
13,300 
± 118 17.6
13,800 
± 110 17.6
10,100 
± 261 17.5
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smosa OF she ïotai, EsiamQGTrE eouHïs,
EXFERimNT 5,
This experim ent was designed to  dem onstrate the  combined te c h n ic a l ,  
instr'um ent and f i e  Id-..errors o f th e  method#
M a te ria ls  and methods* From a  s in g le  w e ll mixed sample o f c a t  blood^ 
mixed w ith  EDTA to  p reven t c o a g u la tio n , 6 se p a ra te  suspensions o f 1:30,000 
were p repared  as d esc rib ed  above* D if fe re n t  p ip e t te s  were used fo r  each 
s te p . Each suspension  was counted 6 tim es g iv in g  a  s e r ie s  o f 36 coun ts . 
In d iv id u a l counts were made In  random o rd e r .
R e su lts  and co nclu sions. The r e s u l t s  a re  g iven in  Table 77, The mean 
o f the  36 counts was 70,600 and the  stan d ard  d e v ia tio n  o f ± 700 was ± 0,99% 
when e3<pressed as the  c o e f f ic ie n t  o f v a r ia t io n .  C o e ffic ie n ts  o f v a r ia t io n  
o f counts from th e  same suspension  dem onstrated machine and f ie ld  e r ro r s  
and they  ranged from ± 0.54% to  ± 1.13%# The c o e f f ic ie n t  o f v a r ia t io n  o f 
counts from each in d iv id u a l d i l u t io n ,which were se le c te d  a t  random, gave an 
in d ic a tio n  o f  the  m achine, f i e ld  and p ip e t t in g  e r r o r s ,  which ranged from 
± 0.63% to  t  1.26%.
F):om t h i s , i t  was concluded th a t  th e  e le c tro n ic  method of: e s tim a tin g  
th e  t o t a l  e ry th ro c y te  count o f a s in g le  blood sample was extrem ely accu ra te  
and the  accuracy  was no t m arkedly a l te r e d  by p ip e t t in g  e rro rs#
2 5 2
TABLE "7 7
R esu lts  o f Experiïiient 3 t  The T o ta l E ry th rocy te  Coimt; Error©
o f th e  E le c tro n ic  Method w ith  a S in g le  Sample o f Blood,
1:50,000
dilut'.lon© SuceeBsivQ c o rre c te d  eotmfcsA p w # *  #wwea#r- — -------- '-- — -------- Mean & 8,D* C.V#
a h c d a £
1 71,900 71»800 71)500 71,100 70,300 70,700 71,200 ±630 0.85
2 70,300 70,400 ÿî 70,400 69,500 70,300 70,200 ±380 0.54
3 yiÿOoo 71,400 70,200 71,0JX> 70,200 70,400 70,700 ±300 0.71
4 70,700 69)900 69,903 69,900 69,800 69,200 69,900 ±480 0.69
5 70)500 71*500 70,200 70,300 70,800 70,400 70,600 ±480 0.68
6 72,600 70,000 70,500 70,400 71,100 71,000 71,100 ±800 1.13
Mean 7ip200 71,000 70,500 70,500 70,300 70,300
S,l), ± 900 ± 730 + 620 ± 460 ± 600 ± 620
C.V# 1,26 1#03 0,88 0.65 0,85 0,88
An In te rru p te d  count which was no t included  iu  the  a t a t i a t l c a l  analysis#
3 5 3
EXPBiRimm 6.
The E rro rs  o f  the  E le c tro n ic  Metltocl in  Mood Samples from D if fe re n t  O ats.
and methods * F ive se p a ra te  d i lu t io n s  o f I s 500 were prepared  
from a w e ll mixed venous blood samp3.e# Each d i  l u t  lorn, was counted in  the 
e le c tro n ic  coun ter a t  a p e r tu re  c u rre n t XIX and th re sh o ld  10 and the  mean 
o f  two su ccess iv e  countsp c o rre c te d  fo r  co incidence  lo s s g was recorded*
This was c a r r ie d  ou t on 10 in d iv id u a l samples o f  blood from d i f f e r e n t  c a ts
R ésu lta  and conclusions * The r e s u l t s  a re  p resen ted  in  Table 78* An 
a n a ly s is  o f v a ria n ce  was c a r r ie d  ou t and th i s  showed th a t  tîje s tan d ard  e r ro r  
o f a s in g le  o b se rv a tio n  was 60,100 and th e  c o e f f ic ie n t  o f v a r ia t io n  «
60*100
7)059)800
X 100 0*85%,
From these  r e s u l t s  i t  was concluded th a t  th i s  method o f e s tim a tin g  the  
t o t a l  e ry th ro c y te  count o f  c a t  blood was h ig h ly  accu ra te  i r r e s p e c t iv e  o f the  
donor cat*
The Betx\reeïî T echnician  D iscrepancle s  in  th e  E le c tro n ic  jySethod o f E stim ating  
the  T o ta l E ry th rocy te  Count xîifeh Cafe Blood*
This experim ent was designed to  defeeimine th e  s t a t i s t i c a l  d if fe re n c e s  which 
might be found xdien th re e  te c h n ic ia n s  were employed to  carr^  o u t t o t a l  erythro-^* 
cyfee counts on idenfcieal samples o f c a t  blood*
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Eeeu lfes,o f  Esmeriment 6 : t h e . T o ta l Eryfchroftvte  Gganfes and E rro rs  o f
the  E le c tro n ic  Method in  Saim les o f Blood frm i D iffe re n t. G ats.
Sample
C orrec ted  mean counts o f  
se p a ra te  d i lu t io n s  
1:50)000 Mean S#D. C.V,
a b c d e
1 52,100 32,600 52,100 51,900 52,400 52,200 278.4 0.53
2 75,900 77,200 77,200 77,300 76,700 76,900 à 587.0 0 .76
3 68,500 67,700 68,500 6 8 ,8 0 0 68,800 68,500 i 453 .0 0 .6 6
4 70,300 71,500 71,500 72,300 72,600 71,600 A 894,5 1,25
5 82,700 •si 83,700 83,700 83,800 83,500 519.6 0 .62
6 70,700 59,300 69,700 70,600 69,300 69,900 S 687.4 0.98
7 71,300 70,900 70,100 69,900 70,400 70,500 576.6 0 .81
8 69,200 70,000 70,300 69,000 70,700 70,000 561,3 0 .80
9 70,700 71,400 72,000 7 1 ,2 0 0 71,700 71,400 à 495.0 0,69
10 72,300 72,000 72,000 71,300 70,800 71,700 589,5 0 ,82
An in te r ru p te d  count which xms n o t included  in  the  s t a t i s t i c a l  a n a ly s is
A# U t)
MifcerialB and methods. Each o f th ree  te c te ic ia n s  prepared  two sep ara ta  
1 I50aODD suspensions o f blood in  F.B.S# w ith  a knoxm low background count*
At a p e rtu re  c u rre n t I I I  and th resh o ld  105 a t o t a l  e ry th ro cy te  count was 
estim ated  fo r  each suspension by the  person who had prepared it*  The re»* 
corded r e s u l t  was the mean o f Wo successive  counts* A t o t a l  leucocyte 
count was c a rr ie d ''o u t on the  p re lim in a ry  1:500 d i lu t io n  in  each case to  
ensure th a t  no leu co cy to sis  was p re se n t which would in te r f e re  w ith  the  
accuracy o f the  e ry th ro cy te  count#
This procedure was c a r r ie d  out on 10 blood samples from d if f e r e n t  c a ts .
R esu lts  and conclusions. The r e s u l t s  a re  p resen ted  in  Table 79A• Note
th a t  the a c tu a l  coun t3 c o rrec ted  fo r  co incidence lo s s , i s  given. Such f ig u re s  
must be m u ltip lie d  by 100 to  give the  estim ated  number o f c e l ls  per on.mm.
Ho leu co cy tesi s  xms observed in  any o f the  samples and the  background counts 
o f the  f i l t e r e d  P.B.B, xmre 250 o r le a s .
The a c tu a l between te c h n ic ian  d isc rep an c ies  and the percen tage between 
te c h n ic ian  d isc rep an c ies  were determ ined, Table 79B and the  S tu d e n t's  t  t e s t  
xmù a p p lied .
The mean percentage d iscrepancy between T echnician i  and T echnician Z 
was 2.22% w ith a standard  d e v ia tio n  of ± 19.59% t  0 ,4 9 3 whichils not 
s t a t i s t i c a l l y  s ig n i f ic a n t .  The mean percen tage  d iscrepancy between T echnician 
1 and Technician 3 was found to  be 2,86% w ith  a standard d e v ia tio n  o f ± 4*07%
t  == 3,06a which i s  a t a t l s t l c a l l y  s ig n i f ic a n t  a t  th e  1% le v e l.
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Results o£ Esperiment 7 : ïh e  Sofcal Erythrocyte Counts o f  Catin .  ■* ilW U , U H I..M|, * « il# | i l » 1 |ll i m 'li«l. , i> n , W » J l ,IW ilW iillW [ I ' IW II > .......... .......................................................
Bioo^ B lec tgon ic  tfefehod Employing Three Teclm iclaBS.
AcfcuaX Brythroc.vfce Counfea (CorreGfced^
T echnician  1 T echn ic ian  2 T echnician  3
D ilu tio n  D ilu tio n  D ili#  ion D ilu tio n  D ilu tio n  D ilu tio n  
A ' B ■ G D E É
25,800 25,000 23,100 22,700 24,300 24 jjSOO
37,300 54,600 54,600 33,600 55,300
55,200 54,700 53,700 51,900 55,600 58)400
54,200 54,900 52,600 54,700 54,000 54,400
54,400 34,900 51,7)00 53,600 53,800 55,900
59,700 59,600 55,900 54,700 57,200 57,7)00
47,800 47,600 77,000 75,900 41,800 43,400
7)0,600 7(0,600 38,000 38,700 37,400 38,300
69,200 68,400 68,900 69,100 68,700 68,700
27,900 27,600 27,000 27,600 27,000 26,800
#3 O I
Experiment 7i Between T echn ic ian  D iacrepaiîciea In  the  T o ta l  «    ipiliiHh I ' i i | i * i  i i ,U «
B rv th rocv te  Gomxte o f Cat Blood xrlth th e  E le o tro n le  Method.
Blood
Sample
Between T echn ic ian  Betxmen T echnician
D lBcrepancies D lsc tepanciea
T echn ic ian  1 minus T echn ic ian  Z T echnician  1 minus T echnician  3
A minus G B minus A mtftus E S-SÉSSActual % Actual % Actual % Actual %
2,700 10.5% 2,300 9.2% 1,500 5- 500 2%
2,900 5.0% 2 ,900 5.0% 1,900 3.3% 2,200 3.8%
1,5 2.7% 2,800 5.1% -  7)00 -0 .7 %  -3 ,700  -6.8%
4. 1,6 2.9% 200 0.4% 200 0.4% 500 0.90%
5.5% 1,300 2,7)% 600 1.1% -1 ,000  -1.8%
3,80!) 6.7)% 4 ,900  8.2% 2,500 4,2% 2,200 3.7%
7 -29,200 -61.1% -28,300 -59.5% 6,000 12.6% 4 ,200  8.8%
8 2 ,600 6.7)% 1,900 4.7% 3 7.9% 2 ,300 5.7%
-0.7)% -  700 -1.0% 500 0.7% -  300 -0 .
900 3.2% 0 0 900 3.2% 800 2.9%
A O 5
From thesso r e s u i te   ^ i t  xms observed th a t ,  In  th i s  h ig h ly  a e c n ra te  techn ique g 
d if fe re n c e s  could be found Mien one te c h n ic ia n  was compared w ith  a n o th e r,
This in d ic a te d  th a t  each o p e ra to r  should be te s te d  to  determ ine h is  o r her 
te c h n ic a l  e r r o r s  b e fo re  I t  can be assmaed th a t  Z o r  more te c h n ic ia n s  can foe 
in terchanged  in  a s e r ie s  o f measurements d u ring  th e  course o f an experim ent,
eAvimATiQiiEmmTmmB:mK Tom ooums,
S2gSB J«M  3.
K ry th ifow te ïlaem olysis E a e r lm e n t.
This experim ent was designed  to  f in d  ou t th e  optim al p e rio d  when the  
t o t a l  leucocy te  counts rem ained s ta b le  fo llo w in g  haem olysis o f  the  e ry th ro c y te s  
in  a d i lu te d  suspension  o f b lood,
ï f e te r ia l s  and methods* From a blood sample from each o f  6 e a t s ,  a 
1!500 d i lu t io n  in  F,B,S* was p rep a red , To each suspension  xms added 0 ,2  ml, 
o f a 2,0% s o lu t io n  o f saponin  In  d i s t i l l e d  w ater and th i s  was g e n tly  a g ita te d  
to  mix w e ll w ith o u t c re a t in g  too  much f r o th ,  Bach suspension  was counted 
a t  an a p e r tu re  c u rre n t o f 11 and a th re sh o ld  o f 18-> im m ediately a f t e r  the  
a d d it io n  o f saponin  and then  a t  the  fothj lO th , 2 0 th , 3 0 th , 4 0 th , 50 th  and 
60th  m inute,
R esu lts  and conclusions* Counts which were made im m ediately a f t e r  the 
a d d it io n  o f th e  saponin  s o lu t io n  were v e ry  h igh  and e r r a t i c  ^  ewice they  
would ii7.clude e ry th ro c y te s  and la rg e  e ry th ro c y tic  d e b r is . Such counts were 
no t reco rded , Table 60 shows th e  r e s u l t s  o f th e  subsequent coun ts . The f iv e  
coun ts /
iJ tf
m B h B  8  0
E;?meriraent 8; The .Sfcahility  o f the T o ta l teiicQcyte 
Count Follow ing haem olysis o f th e  Ërythïïocytês,
Foat«haemolyo is
I n te rv a l  In Ç a tte c te d c o tt i its . o£ I s 300 c lilu tiona o f  blood ia.B .B ,
m inutes
Cat 1 Gat 2 Cat 3 Cat 4« i^ iw iiiin -m n i» Cat 5 Cat 6
5 th .30,800 34,000 28,400 23,300 21,000 18,500
loth 30,000 34,609 28,700 22,200 20,500 18,800
20th 30,300 33,400 28,400 22,700 20,400 19,400
30 th 30,400 33,700 28,500 22,600 20,400 18,700
40 th 20,900 33,000 28,200 22,300 20,100 18,500
50th 30,100 33,700 28,300 22,700 20,100 18,400
60th 30,100 33,800 29,000 23,000 20,900 19,300
Mean eoim ts 
10th - 50 th  
m inute 30,100 33,800 20,400 22,500 20,100 13,800
V ariance 44,100 144,400 36,100 52,900 36,100 160,900
8,D. ± 210 ± 3.80 ± 190 ± 230 ± 190 ± 4®0
V 0.70% 1.12% 0.67% 1.02% 0.94% i , m
% ü U
coim ts between th e  lO th and 50 th  post*^saponl£ication  m inute in  each blood 
sample were included  in  an a n a ly s is  o f  v a ria n c e  which showed th a t  th e  
r e s id u a l  s tan d ard  e r ro r  o f a s in g le  o b se rv a tio n  %% w ith  a c o e f f ic ie n t  
o f v a r ia t io n  of 1#15%
From th ese  re s u l ts ^  i t  was concluded th a t  the  t o t a l  count ^  between the  
lo th  and 50th  m inute a f t e r  the  a d d ltlo n a d f  saponin to  a 1;50D suspension  o f 
blood in  remained s tab le*
BKPEEIMSHT S.
The op tim al A pertu re  C urrent and Threshold S e t t in g  fo r T o ta l teucoey te  Counts,
M a te ria ls  and methods. As In  Escperiment 2 . p re c is e  I n i t i a l  d i lu t io n s  
were no t ne,:.essary fo r  leucocy te  .plateauKg fo r  i t  was c e l l  volumes r a th e r  
than  c e l l  numbers which were being  in v e s tig a te d . Howeverj the  co n ce n tra tio n  
o f the  leucocy tes was kep t w ith in  th e  p ra d lc te d  working range o f  the Instrum ent,
Samples o f blood were wlthdraxm from the  r i g h t  c ep h a lic  v e in s  o f 12 
c a ts  xdilch showed no sig n s o f c l i n i c a l  d ise a se , EBTA s o lu tio n  was aga in  
employed to  p rev en t co ag u la tio n  o f  th e  blood. 1 ml. o f each sample was 
mixed w ith  F.B .B, in  a 500 ml, vo lum etric  f la s k  and the t o t a l  volume was made 
up to  500 m l, w ith  to  give a d i3,ution o f 1:500. A sub*^aaraple of
approxim ately  100 ml. was withdrawn and 1 ml* o f  a 2% saponin s o lu tio n  was 
in troduced  to  the suh^’&ample* Ten m inutes a f t e r  i t s  add ition^  when t o t a l  
haem olysis o f th e  red  c e l l s  should have been completed^ 20 ml. a l iq u o ts  o f 
th i s  t r e a te d  suspension  wore withdrawn in  su ccess io n  and used on the  in s tru «
Æ D X
in strum ent fo r  t o t a l  leucocyte  coun ts . The sub*«saînple was n o t used fo r  more 
than  20 to  25 m inutes to  ensure  s t a b i l i t y  in  th e  t o t a l  %Alte c e l l  counts 
throughout the  e5q>eriment* Roughly 10 m inutes before  the  f i r s t  100 ml sub« 
sample was d iscarded  ^  a  further* sample waa withdrawn from th e  vo lum etric  
f la s k  and haemolysed as b e fo re . This could be rep ea ted  i f  n ecessa ry  to  
m ain ta in  a supply  o f suspension  under s tan d ard  c o n d itio n s« Throughout the 
e n t i r e  e x p e r im e n tb o th  the  main sample and sub«sa.mpies were g e n tly  a g ita te d  
to  keep the  suspensions as un ifo rm ly  mixed a.s p o s s ib le .
At apertu r'e  c u rre n t read in g s were taken  from thresho3.d 0 to  th resh o ld  
80 in  u n i ts  o f  3 , Counts ware con tinued  a t  th re sh o ld s  90 and 100 and fu r th e r  
read ings were made a t  th resh o ld s  7, 9g 12  ^ 1?^ 22 and 27.
This was rep ea ted  a t  a p e r tu re  c u rre n t I I  and a lso  a t  a p e r tu re  cuoren t XXX^  
bu t in  those c a s e s , the  f in a l  in te rm ed ia te  th re sh o ld s  were om itted ,
R esu lts  and co n clu sio n s. Data fo r  th e  12 samples a re  p resen ted  in  
T ables 81, 82 and 83,
F la teau x  w ith  a p e rtu re  e n tre n t  I  lay  between th resh o ld  7 and th resh o ld  
12, I t  would have been necessa ry  to  have s e le c te d  th resh o ld  7 o r 9 a t  th i s  
c u rre n t , O n c o c y te s Is  I s  common in  the  c a t  and i t  trauld prove im possib le  to  
c a rry  ou t accu ra te  counts a t  th i s  th re sh o ld  ro u t in e ly , because o f b a se lin e  
in te r f e r e n c e ,
Employing a p e rtu re  c u rre n t XIX, th e  op tim al th resh o ld  s e t t in g  was around 
30 and p la te a u x  were w ide, M il1 s t the  c e l l  and d e b ris  p o p u la tio n s were r e a d i ly  
d i f f e r e n t i a t e d /
81
Threshold Côtants’^  of 1(500 Dilutions
C o u n t s  X 1 0 '
tesho ld
tfcing 1 a 3 4 5 . '6 .
0 (2 5 ,0 ) . # M (1 0 .9 )
5 19.4 (9 .6 ) (9 .3 ) f#' ( 4 . 9 ) (9 ,9 )
10 17*7 12.9 10.9 12.4 5 .4 12*6
15 16.7 12.4 10.7 12.2 5 .1 11.8
20 16.2 10.7 9 .8 10.5 4 .7 10,7
25 15.0 8 .7 9 .4 7 .1 3 .9 9 .2
30 13.7 7 .4 8 .2 5 .3 3^4 8,2
35 13.2 5 ,2 5 ,9 3 .4 2i6 6 * 4
40 9.9 2 .6 3 .2 2 .0 1.7 4 .4
45 8.7 1.4 1.9 1.3 1.1 2 .4
50 7 .0 0.75 1,1 0.60 0 .71 1,7
55 3 .7 0 .52 0.73 0% 64 0*60 1.2
60 2 .8 0.38 0.57 0 .52 0 .50 1.0
of. Cafe Bioôd a t  A perture C urren t X*
f) O A
7 8 9 10 11 12
•» (1 6 .0 ) (3 0 .2 ) (1 5 .1 ) (1 8 .3 ) (1 2 .5 )
(1 3 ,9 ) ( 5 .7 ) (1 9 .5 ) (1 7 .9 ) { 8 ,7 ) (1 0 .1 )
19.1 7 .6 19.1 22.2 12.2 14.6
18.7 7 .3 18.4 21.9 11.7 14.0
18,6 6.7 16.7 21 .0 11.1 13,1
16,9 5 .1 15.6 19. B 10,3 11*3
14,0 4 .2 14.6 18.7 9,1 9 .8
8 .8 3 .4 12.6 17.1 8.1 7,7
3 .9 2 .3 8 ,3 12.9 5 ,6 6 .0
2 .0 1.6 5 .0 8 .1 3*9 4 .1
1.3 1.0 3 .3 5 .4 2 ,9 2 .8
1 ,0 0.75 2.2 3 .5 2.1 2*2
0 .80 0.59 1,6 2 .4 1,8 1.8
Tlrreehold
S ettin g
1 2 3 4 5 6
65 2.2 0 ,30 0.40 0.47 0 .40 0.77
70 1.9 0.24 0.40 0.37 0 .40 0.67
75 1,7 0.23 0.30 0.37 0.33 0.62
80 1.7 0.24 0.28 0.29 0.32
90 1,5 0.20 0.26 0.28 0,32 0.44
100 1.2 0.19 0.27 0.24 0,27 0.41
7 18.3 12.3 10.9 11.9 5 .4 ■ 11.7
9 18.0 13.0 10.9 12.5 5 ,4 11.6
12 17.2 12.6 10.6 12.2 5 .1 11.6
17 16.2 11.5 9.6 11.8 4 .8 10.5
22 13.4 9.2 8.7 8 .6 4 .4 9 .1
27 13.7 7.7 7.7 6.1 3.5 7.7
Actual Background Counts o f  P.B .S.
3 30 70 50 100 100 100
vv Counts! greater than 10,000 have been corrected for coincidence lo se . 
"Interrupted^^ counts are in  brackets.
% ü y
7 8 ■ 9 10 11 12
0.72 0.51 1.2 1,7 1.5 1.5
0.61 0 .39 1,0 1,3 1.2 1,9
0.52 0 ,37 0 .80 1 ,0 1,1
0 .50 0 .31 0 ,7 0 0 ,9 1.0 1.0
0 ,50 0.24 0 ,6 0 0 .7 0.86 0 .8
0*38 0,21 0 .50 0 .6 0 .70 0 .7
19.1 7.6 18.1 (1 9 .6 ) (1 0 .3 ) 14.4
19.4 7,4 18,0 (2 0 .6 ) 11.6 14.3
18. S 7 ,2 17.5 21,9 11,8 14.1
18.6 7 .0 16.6 21.1 11,4 13,4
17,1 6 ,0 15.8 20,1 10.5 12.3
12.6 4 .6 14.1 18,7 9,3 9 .9
50 70 85 85 100 100
mEiaa. 8  8' (I* <tm én v  i »  I >iw
Threplipld CQ ùnt# - ç f  ■;i |^50Q--|iiiufc
C o u n t s  2Î 1 0 '
reshold
tt ih g 1 2 ... .2.' 4 , 5 .
0 <• - f* w •fi*
5 (22 ,5 ) 16,6 ' 15.0 m .(21 ,OJ
10 ■■21*0 15,5 13,1 15.0 ■6j5 18,5
15 19.9 14,7 11,5 13,2 ’ 3 ,8 ' 13,3
20 19,5 13,8 11.3 12,6 ■ 5 ,5 . 12,2
25 18.5 . 1 3 , 4 11.1 12.4 ■ 5 ,2 11,7
30 18.0 13,1 10*5 12,3 ■ 5 ,1 ■ 11,1
35 17.7 12.1 10.3 11,3 4 ,9 ' 10,8
40 17,2 10,9 9 .7 9,5 4 ,5 9 ,8
45 16,2 9,5 8.9 7,7 4 ,2 ■ 9 ,2
50 15,2 9 .1 8 .5 6 ,4 3 ,8 ■ 8 ,5
55 14.4 8 ,1 7 ,9 5 ,3 ' , 3 ,6 8 ,0
60 13,4 7 ,4 7.3 4,6 3 ,4 ■ 7 ,2
65 12,5 6 .2 6 ,4 3 ,9 ■ 3:,3 6 ,1
70 ' l lv 2 ,5.,;3 5*6 3 ,5 ■ 3.vl 5 ,6
75 J: » V 4 ,6 . 5 ,1  , 3 ,3 2 ,9 4 ,8
80 8,9 4 .2 4>4 2 ,9 2.'7 4 .4
90 8 .1 3 .6 3 .9 2,6 2,6 ' A. 9
100 7,4 3 ,4 3 ,5 2,4 2,4 ■3.'6
* Counts greater than 10,000 have been corrected for coincidence lo s s ,  
"Interrupted" counts are in  brackets.
3 6 4
o£ Cat Blood a t  ApexUma C urren t î l .
7 8 9 10 11 12
(3 1 .8 ) é* (3 9 .8 ) (2 9 .4 ) (3 3 .S) (2 8 .7 )
(21 .1 ) (3 3 .2 ) (2 2 .0 ) 14.9 (1 9 .8 )
21.6 9 .0 20.8 25.2 13.4 17.1
20.1 8 .5 19.6 24.9 12.4 15.5
19.9 7 .8 18.6 24.2 12.1 14.9
19.4 7 .5 18.2 24.2 12.1 14.6
19.4 7.3 18.2 23.9 11.4 14.1
19.2 7 .1 17 .S 23.4 11.1 13.6
18.6 6 .3 15.5 21.8 11.0 12.8
18.1 5 .5 16.1 21.3 . 10.5 11.8
16.6 5 .0 15.5 20.8 9 .6 10.6
14.9 4 .5 14.7 19.8 9.3 0 .8
11.6 4 .0 13.7 18.3 8 .6 0 .1
9 .2 3 .8 12.3 15.8 7 .9 8 .3
7 .8 3 ,5 10.9 13.4 7.3 7.7
7 .0 3 .2 9.4 11.6 6 .9 7 .3
6 .4 3 .1 8 .2 10.3 6 .2 6 .8
5 .7 2 .6 7 .2 8.7 5 .6 6 .2
5 .5 2 .4 6 .6 7 .5 5 .4 5 .5
TABÏÆ! 8  3
T h r e s h o l d  C o u n t s ^  o f  1 s 5 0 0  D i l u t i o n s
C o u n t s  X  1 0 '
Thresho ld
S e t tin g 1 2 '3 4 5 , 6-
0 <30#0) *i  ^ . I I ^ 'y '.-' ' , (27*8)5 58.5 62.6 .. 54*4 63,410 27*4 29.0 36,6 19.0 38*715 15.5 14.8 17.0 7.4 22*020 14.2 12.1 13*7 ■6.1 17,223 13.1 11.5 13.1 5.8 , 15*230 13.0 10.8 12.6 3*3 13,433 i 12.7 10.6 12,3 5*2 12*640 ! 12.5 10.3 12.2 3*1 12.345 12.7 10.6 11*8 5,0 11.630 i 12.1 10.3 11.9 4*8 11*235 11.7 9.8 11*7 *
60 11.3 9.0 11.6 4.5 10.3
70 10.5 8.9 10.4 4.4 9*080 9.5 8.4 8.8 4.3 8.590 9.0 8.1 8.4 4*1 7*5100 8,6 7,9 7.8 4.0 7*2
Counts g re a te r  than  10$000 have been c o rre c te d  fo r  co incidence loss# 
" In te r ru p te d "  counts a re  In  b rackets#
a  O D
o f Cat BXopd a t  A perture Gurremt XXI.#1#"^  ir.-y '^we W f«
? 8 9 10 11 12
(2 9 ,1 ) ( 2 8 .9 ) ( 4 1 .0 )
( 5 6 ,7 ) ( 6 5 .5 ) ( 4 8 ,6 ) (4 8 .9 ) (5 6 .4 )
38,2 4 2 .7 3 6 ,9 3 1 .0 3 9 .5
13,6 2 4 .0 2 4 .8 15 .2 2 0 .9
9 .2 1 9 .9 2 2 ,8 1 3 .0 1 6 .3
0 ,0 1 8 .8 22,0 1 2 .5 1 4 .8
Ë 7 ,6 1 8 .5 21,9 1 1 .9 14. So 7*4 1 8 .0 21,2 11 .6 13 .8
#$ 7,2 1 7 .7 2 1 ,7 1 1 .5 13 .71 7.4 1 7 .7 21.1 11 .5 13 .7
I 7 ,2 ( 1 8 .1 ) 2 1 .3 11 .3 13 .4
7 ,1 1 7 .5 21,2 1 1 .4 13 ,4
6 ,8 1 7 .5 2 l ; 0 1 0 .9 1 3 .0
6 ,5 16,4 20,0 1 0 .6 1 2 .3
6 ,0 15,7 1 9 ,1 9 .8 11 .5
5 ,6 # 18 ,7 9 .3 11 .1
5 ,6 1 7 ,7 9 .1 10 .5
A o  U
d i f f e r e n t ia te d  by th i s  cux*rent$ the  o sc illo sc o p e  c e l l  p a t te rn  tended to  be 
so t a l l  th a t  I t  exceeded the  h e ig h t o f th e  screen* This did  no t In fluence  
the  in strum en t counts^ b u t i t  d id  p rev en t the  o sc illo sc o p e  sc reen  from a c tin g  
as a u se fu l  In d ic a to r  o f the  accuracy  o f the  count#
With a p e r tu re  c u rre n t  II^  the  o sc illo sc o p e  p a t te rn  was more e a s i ly  
In te rp re te d *  The c e l l  and d e b ris  p o p u la tio n s  were q u its  d i s t i n c t  and a 
th re sh o ld  v a lu e  could alm ost be e s tim a ted  v isu a lly *  At th i s  c u r r e n t , the
op tim al th re sh o ld  was e s tim ated  as  20, or s l i g h t ly  le s s  than th is#
I t  was concluded t h a t , fo r  ro u tin e  leucocy te  co u n ts , an a p e rtu re  c u rre n t
o f  IX and a th re sh o ld  o f  18 should prove s a t is fa c to ry *  These instrum ent
s e t t in g s  were, employed in  a l l  th e  subsequent c a l ib r a t io n  escperim ents#
EXpmmBm? lo .
A Comparison Between th e  E le c tro n ic  and V isua l Methods of  E s tima t i n g T o ta l 
leu co cy te  Counts,
M a te ria ls  and methods. 2 ml* sm m les o f  blood were wlthdraxw from the  
r ig h t  c ep h a lic  v e in s  o f 12 e a ts  which p re sen te d  no s ig n s  o f c l i n i c a l  d ise a se . 
From each w e ll mixed sam ple, a 1:500 d i lu t io n  o f blood in  low background 
countsF .B iS , was p rep a red . To each sample was added 0 ,2  m l, o f a 2% saponin  
solutlozu (C o u lte r saponin) to  cause haem olysis o f  the  red  c e l l s .  S ix  
su ccess iv e  w hite  c e l l  counts were read  from each suspension  w ith in  the  
op tim al in te r v a l  a f t e r  haem olysis. An a p e r tu re  c u rre n t o f I I  and th re sh o ld  
o f  18 were eiaployed in  the  e^iperiment*
A o  Y
The trad ltio B c il method was th a t  d escrib ed  by Dacie (1963) u sin g  w hite 
c e l l  Thoma p ip e t te s ,  w hite c e l l  d i lu t in g  f lu id  and Improved Heubauer Haemo»^  
cyom eters. A I s 20 d i lu t io n  of blood was p repared  from each o f the  12 blood 
samples and s ix  coun ting  chambers were coun ted ,whenever p o s s ib le , w ith  each 
d i lu t io n .  Haexaocytometers were housed in  a c le a r  p l a s t i c  c o n ta in e r  w ith  
m oistened gause u n t i l  used , to  p rev en t evaporation*
R esu lts  and co n c lu sio n s. The r e s u l t s  a re  given in  Table 84* Using the  
aiethod o f l e a s t  sq u a res , where % was e q u iv a le n t to  the  haemocytometer counts 
and y was e q u iv a le n t to  the  e le c tro n ic  co u n ts , the  l in e  o f re g re s s io n  was 
y « 1.2972% 1474* The c o r r e la t io n  c o e f f ic ie n t  between % and y vïas r
'f 0.9804# The stsnidard d e v ia tio n  from th e  re g re s s io n  was 1560# I t  could  
be shoxm th a t  the  above re g re s s io n  l in e  could  pass through the  o r ig in . T his 
m eant, in  e f f e c t ,  th a t  we could u s e ÿ.' = l#2002x* The standard  d e v ia tio n  from 
th i s  re g re s s io n  i s  1630* The c o e f f ic ie n t  o f v a r ia t io n  from the re g re s s io n
when X = K IS x 100 ^  loo  % = 10,5%
ÿ 15515
From th is  d a ta  i t  was concluded th a t  th e  same p a r t i c l e  p o p u la tio n  was 
counted w ith  bo th  the  e le c tro n ic  and v is u a l  aiefehods, bu t th a t  th e  e le c tro n ic  
Counts were c o n s is te n t ly  and p ro p o r tio n a te ly  h ig h er than those ob tained  by 
the  v is u a l  method# T his was no t unexpected , s in ce  Berkson e t  a l  (1940) 
have noted th a t  v is u a l  counts w ith  a haemocytoraetot chamber a re  u su a lly  
lower than  th e  a c tu a l  count, as confirm ed by pho tog taph le  methods*
Agjceement between s in g le  counts w ith  th e  tx-jo methods was le s s  th ah  that: 
observed/
TABD3 8 4 
Bxperlmeat 10à Total laucqcyte Gounto
Sample
Haemocytomster Counts
Estim ated
lumber
Eumbsr o f 
Chamber 
counts
Mean o f 
Chamber 
counts
Variance B.D.
.......... T'l"'"
c.v*
-ïifâucocytî
counts
1 6 154.5 283*9 t  16*85 10.91 7,730
2 6 252*2 65.5 ± 8,09 3.21 12,600
3 6 222*5 188.3 ± 13.72 6*17 11,100
4 6 467.5 4:14.7 ± 20*36 4*36 23,400
5 6 163*7 160.3 t  12.66 7.73 8*200
6 S 254.8 265*7 ± 16*30 6.40 12,700
7 6 215.8 651.4 ± 25.52 11*83 10,800
8 6 139.7 110*7 ± 10.52 7.53 6,960
9 6 292.0 150.0 t  12*25 4 .20 14,600
10 6 '• 166.0 160.4 i  12.67 7.63 8,300
11 6 474*0 390*0 ± 29*83 6,29 23,700
12 6 339.0 201.8 ± 14.18 4.19 17,000
Counts g re a te r  than 10,000 have been co rrec ted  fo r  coincidence lo ss  *
Using Visual, and E le c tro n ic  Methods.
t > 8
Sample
Number
E le c tro n ic  Counts^'
Number of 
R ep lica te  
counts
Mean o f 
R e p lica te  
counts
V ariance 8#'D. C.V,
Estim ated
jLeucocyte
counts
/cu.#m*
1 6 8,350 49,000 ± 221,4 2,65 8,350
2 6 16,300 56,000 à 236,6 1*29 18)300
3 6 14,000 4 ,000 63,25 0,45 14,000
4 6 28,800 12,000 à 109,54 0 .38 28)800
5 6 9,150 11,000 ± 104,88 1,15 9)150
6 6 12,400 12,000 ± 109.54 0,88 12)400
7 6 12,720 29,680 ± 172,28 1,35 12)720
o 6 6,530 6,600 ± 81.24 1,24 6)530
9 6 18,630 7,400 ± 86,02 0,46 18)600
10 6 8,270 102,600 ± 320,29 3.87 8)300
11 6 28,330 170,600 ± 413.03 1,46 28)300
12 6 20,650 227,000 ± 476*45 2,31 2 0 ,650
% u y
observed In  t o t a l  e ry th ro c y te  coim ts. This may have been, due to  the  h ig h er 
f i e ld  e r ro r s  in  both  leucocyte  coun ting  methods and a lso  to  the  e r ro rs  
Involved In  the  le s s  d i r e c t  method o f comparing th e  c e l l  p o p u la tio n s  from 
the  i n i t i a l  blood sample.
mPBRWNT 11#
A D ilu tio n  Experiment to  A sce rta in  the  E ffe c tiv e  Ranjæ o f the E le c tro n ic  
Counter fo r  leucocy te  Counts#
M a te r ia ls , and methods# The methods in  th is  experim ent xmre s im ila r  to  
th a t  o f  Experiment 4s except th a t  100 m l. samples o f a 1:500 suspensions o f 
blood In  IhB .S. ware employed In s te ad  o f 1:50,000 suspension , th e  Instrum ent 
s e t t in g s  were those  xdtich had been deteawninad fo r  leucocyte  c o u n ts , bu t 
only 4 d i lu t io n s  were itsed , 1 :1 , 1?2, l:3 g  and 1 :3 .
R e su lts  and co nclu sions. The r e s u l t s  "âre p resen ted  in  Table 85. The 
expected and observed r e s u l t s  can he noted in  th e  second and th ir d  columns 
o f the  tab le)w here  the  expected percen tage  o f oaah d i lu t io n  i s  compared to  
the  observed mean percen tage . The c o e ff ic io in t o f v a r ia t io n  of 6 r e p l ic a te  
counts o f each d i lu t io n  was low enough fo r  th i s  comparison to  be v a l id .  I t  
was found th a t  the  r e la t io n s h ip  befex^een e;cpected and observed r e s u l t s  was 
c lo se  enough to  assume th a t  t h i s  in strum en t I s  a ccu ra te  over a range between 
2)600 and 46,400 leucocy tes p er cu.mm.
TABU3 8  5
Exjàer imanC. 11 : lauoocv te
Sample 1. Sample ■F...
-  - ■ .....................   ^ -■ • ............................. .
D ilu tio n Expected%
î'îeah 
observed %
' I#m i 
6 counts 
& 8.D.
Mean
%
‘ m an  
6 counts 
& S*D,
Mean
' % ;
1: 500 100 loo 12,700itllS .3 100
18,000
±116^3 100
I !1,000 50 50.2 6,300±77.5 49 ,6
8,700
±173*2 48.3
1:1,500 33.3 34.5 4,300±63.2 33 ,9
6,600
±167.3 36,7
1:2,500 20 20.5 2)600±63.2 20*5
3,400 
± 63.2 18*9
Cownts at BiffeEeat Dilutions.
2 7 0
Sample 3. Sample 4 , Sample S* Sample 6.
Mean 
6 counts 
6: 8JK
Mean
%
Mean 
6 counts 
& S.B.
Mean
%
m an  
6 counts 
& S.D*
Mean
%
Mean 
6 counts 
& S.D.
m an
%
21,300
±173.2 100
16)700
±148.3 100
46)400
±244.9 100
24)800
± 249 100
11,500
±219*1 54*0
8)500
±109,5 50.9
23)400
±173.2 so . 4
12)100
±134.2 48.8
7,600
±141.4 35,7
5)800
±100 34*7
15)700
±173.2 33.8
8,000
±89.4 32.3
4)500
±44.7 21.1
3)600
±109.5 21*6
9)300
±44.7 20,0
5,200
±77,5 21
2 7 1
ERRORS 01? THE WTA-t IBHCQCYÏS CODHT11»  in liiim»* m#  " "wW " ' i i i « w ii w  iiiii>'i iw # # !#
EKFEllIMEHT 12,
The Krrorg o f the  E le c tro n ic  Method x-rlth a S ing le  Sample o£ Gafc Blood#
M ate ria ls  and m ethods. From a  s in g le  blood sam ple, 12 in d iv id u a l
1:500 d i lu t io n s  o f blood in  F*B*S* xmre prepared  w ith  d i f f e r e n t  0*%  ml* 
p ip e t te s .  From each o f th e se , a 1:50,000 suspension  xms a lso  made* To 
the  1:500 d i lu t io n s  was added 0 ,2  ml. o f 2*0% saponin so lu tion*  A fte r 10
m inu tes, the haemolysed suspensions were counted 6 times in  succession  a t
th re sh o ld  18 and a p e rtu re  c u rre n t II*
E ry th rocy te  counts were c a r r ie d  o u t on 'the  high  d i lu t io n  samples a t  
Threshold 10 and A perture C urren t I I I  and the  mean o f Wo su ccess iv e  counts 
xms recorded*
R esu lts  and co n c lu sio n s , The r e s u l t s  a re  given in  Table 86* Tlie mean 
leucocyte  count was 21,800 and the  0*0* was ± 420$ g iv ing  a c o e f f ic ie n t  o f 
v a r ia t io n  o f ± 1*93%, From t h i s ,  i t  was concluded th a t  the  t o t a l  e r ro rs  
o f th i s  technique w ith  a s in g le  blood sample ware com paratively  low*
The c o e f f ic ie n t  o f v a r ia t io n  o f  th e  12 t o t a l  e ry th ro c y te  counts was ± 1*02%, 
EXPERIMENT 43 *
The E rro rs  o f the. E le c tro n ic  Method in  Blood Samples from D iffe re n t O ats*
M ate ria ls  and methods. S ix  se p a ra te  1:500 d i lu t io n s  o f  blood in  P.B*S* 
were p repared  from each o f 10 blood samples from d if f e r e n t  c a ts .  The instrum ent 
was s e t  a t  a p e r tu re  c u rre n t I I  and th re sh o ld  18 and each one o f  the  in d iv id u a l 
suspensions was counted. The mean o f two successive  counts in  each case was 
recorded  a f t e r  c o rre c tio n  fo r  co incidence lo s s ,  i f  th i s  xms in d ic a te d .
R esu lts  and co n c lu sio n s* The r e s u l t s  a re  p resen ted  in  Table 87* An 
a n a ly s is /
2 7 2
TABLE 8  8
R e su lts  o f  Bxperimenfc 12 s- T o ta l Leucocyte Gotmts ; the  E rro rs  
o f  the  E le c tro n ic  Method, w ith  a  gvlngle Sample o f Blood*
1:500iémmmmrn^â l m t to m BucceSBlv e  eountg ( c o r r e c t e d ) d llu t io n î
a b e d Û £ K
1 203900 21,000 20,900 20,800 20,500 20,700 20,300 70,700
2 21,700 21,700 21,600 21,600 21,200 21,300 21,300 71,430
3 21,700 21,900 21,900 21,800 21,900 21,700 21,800 72,050
4 21,900 22,000 21,800 22,000 21,000 22,000 21,900 71,950
S 22,300 21,900 21,900 22,200 22,000 22,200 22,100 72,200
6 21,800 21,900 22,200 22,300 22,200 21,900 22,000 ■ 72,400
? 22,200 22,300 21,600 21,500 21,700 21,600 21,800 71,950
8 22,W O 21,700 22,200 21,900 21,600 21,700 21,900 71,650
9 22,000 22,200 21,800 21,800 21,700 21,900 21,900 72,900
10 22,400 22,600 22,700 22,600 22,500 22,700 22,600 73,150
11 21,800 21,600 21,800 21,900 21,400 21,800 21,700 72,500
12 21,800 21,700 21,000 22,000 21,900 22,400 22,000 73,330
Leucocyte comité (72) 
mean 21,800 
8.D. =^76,380 =• ± 420
¥ = ± 1.93%
E ry th rocy te  counts (12)
mean / /  72,200 (x  1 
S.B. = ± 740 (K 10^ ) 
V « ± 1.02%
a ’y a
mBîæ. 8 7
Eesuifce o f Esmerlment: 13 s T o ta l Lsucocyte Conmfcsî the  E rro rs  
o f the  EX ectronic Method in  Samples from D iffe re n t C ats .nmm^rn^ m i# i 1* 1 :#* # **)&(%*I ----------------------------------------- "     '    —  —
Sample
Mean counts of separate dilutionsf * A M * r h M r u W t t f r « ■p<ih pwwiil.*j mi*iiw> i*h  k,i# n# #11# #*A. <* - #
o£ 1:500*rS»ex'4*ajhinW:A»*)*WWB Mean & S»: G.V,
a b c cl e
I 2 0 ,8 0 0 2 1 ,9 0 0 2 1 ,5 0 0 2 1 ,8 0 0 2 2 ,0 0 0 2 1 ,6 0 0  ± 4 % .9 2 .2 4
\ 4 ,3 0 0 4 ,6 0 0 4 ,7 0 0 4 ,2 0 0 5 ,1 0 0 4 ,6 0 0  ± 3 6 0 .4 7 .8 3
a 1 9 ,4 0 0 19 ,300 1 9 ,9 0 0 2 0 ,9 0 0 1 9 ,8 0 0 19 ,900  :t 6 3 6 .5 3 .2 0
2 2 ,0 0 0 2 1 ,9 0 0 2 1 ,7 0 0 2 1 ,9 0 0 2 2 ,6 0 0 2 2 ,0 0 0  à  346*4 1 .5 7
5 2 1 ,0 0 0 2 1 ,6 0 0 2 1 ,3 0 0 2 1 ,7 0 0 2 1 j2 0 0 2 1 ,4 0 0  ± 2 9 1 .6 1 .3 6
6 1 3 ,7 0 0 1 3 ,900 1 2 ,8 0 0 1 3 ,4 0 0 1 3 ,9 0 0 1 3 ,5 0 0  ± 4 6 3 ,6 3 .4 3
7 1 6 ,300 1 6 ,300 1 6 ,500 tï 1 6 ,6 0 0 16 ,400  ± 151.7 0 .9 3
a 2 1 ,4 0 0 2 2 ,5 0 0 2 1 ,2 0 0 2 1 ,1 0 0 2 1 ,4 0 0 2 1 ,5 0 0  ± 565 .7 2 .6 3
9 2 3 ,0 0 0 2 2 ,4 0 0 2 2 ,4 0 0 2 1 ,7 0 0 2 2 ,4 0 0 2 2 ,4 0 0  ± 4 5 8 .2 2 ,0 5
10 1 0 ,3 0 0 9 ,2 0 0 9 ,1 0 0 9 ,5 0 0 9 ,9 0 0 9 ,6 0 0  & 4 9 9 .9 5 .2 1
o u n ts g r e a te r th a n  10, 000 w ere c o r r e c t e d  f o r  co--In c id e n c e  lo s s .
A fa ls e  count was ignored  in  the  s t a t i s t i c a l  a n a ly s is .
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a n a ly s is  o f v a rian ce  showed th a t  the  s tandard  e r ro r  o f a s in g le  o b se rva tion  
was 548 w ith  a c o e f f ic ie n t  o f v a r ia t io n  o f 3.16%.
These r e s u l t s  in d ic a te d  th a t  the  e le c tro n ic  method was h ig h ly  acc u ra te  $ 
i r r e s p e c t iv e  o f the  blood sample used,
EXPERXM5NT 14,
Between T echnician  D iscrepancies in  the  E le c tro n ic  Method o f E stim ating  the  
T o ta l Leucocyte Count.
This experstment was designed to  a s c e r ta in  i f  th e re  were s ig n i f ic a n t  
d if fe re n c e s  in  te c h n ic a l e r ro r s  amongst th re e  te c h n ic ia n s .
M aterials, and methods.» Each o f  th re e  tec h n ic ia n s  p repared  two se p a ra te  
Is500 suspensions o f w e ll mixed blood p lu s  EDTA in  F.B.S* which had a Unoxm 
low background count. At a p e r tu re  c u rre n t I I  and th resh o ld  18$ each sub** 
pension was counted e le c t r o n ic a l ly  10 to  15 m inutes a f t e r  the  a d d itio n  o f 
0*2 ml. o f a 2% so lu tio n  o f saponin in  d i s t i l l e d  w ater. The a c tu a l  counts 
were superv ised  by the  tec h n ic ia n  who had prepared  the suspension  and the  
mean o f two success ive  counts was reco rded . This procedure was c a r r ie d  out 
on 10 blood samples from d i f f e r e n t  c a ts .
R esu lts  and c o n c lu sio n s . The r e s u l t s  o f  each e s tim a tio n  a re  given in  
Table 88* The between te c h n ic ia n  d isc rep a n c ie s  $which were derived  from th is  
d a ta 3 a re  shorn in  Table 89.
The mean percen tage d iscrepancy  between T echnician  1 and T echnician 2 
xiras 6.94% w ith  a  standard  d e v ia tio n  o f 4,69% ; t  « 6,5$ x-ïhlch Is  a s t a t i s t i c a l l y  
s ig n i f ic a n t /
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s ig n if ic a n t  d iffe re n c e  a t  the  0*1% le v e l .  Between Teclm iciau 1 and T echnician 
3 3 the  mean percen tage  d iscrepancy  was 0*53% w ith  a s tandard  d e v ia tio n  o f 
2.58% ; t  a 0.89» which i s  no t s t a t i s t i c a l l y  s ig n i f ic a n t .
I t  was 3 th e re fo re  3 concluded th a t  the  e r ro r s  o f the  method beW een 
T echnicians x?ere wide enough to  j u s t i f y  an exam ination o f in d iv id u a l te c h n ic a l 
perform ances fo r  escperimental purposes.
I f  th ese  r e s u l t s  a re  compared to  those, in  Experiment 7» i t  w i l l  be 
observed th a t  the  d iffe re n c e s  in  perform ances o f Technicians 2 and 3 when 
compared to  T echnician  1 a re  now rev e rsed .
2 7 6
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Experiment 14: % e  T o ta l Iieueoeyte Cqmits o f  Gat Blood
With th e  E le c tro n ic  ïi-iethod EmpXoyinp: th re e  T echnicians,
rbal lacucocyix
T echnician  1
D ilu tio n
k
D ilu tio n
B
D ilu tio n
C
T echnician  2
D ilu tio n
T echnician  3
i lu t lo n  D ilu tio n  
n F
18,100 18,200 17,900 18,300 17,500 17,500
32,300 31,600 28,200 27,800 31,300 32,000
16,400 16,300 14,900 15,300 16,000 16,200
12,600 12,900 12,100 12,208 12,900 13,300
9,300 9,700 8,500 8,600 9,600 9,400
13,200 13,100 12,300 12,800 13,100 12,800
19,500 19,900 18,800 19,400 19,700 20)000
26,200 26,200 22,200 22,500 25,800 26,800
16,400 16,700 14,600 15,000 16,500 17,800
16,900 16,700 16,300 16,400 16,800 16)300
* C orrected  fo r  co incidence loos xAen
<5 Y Y
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EKperiment 14 s Between T eehiiician  B iscrepanciea  li% T o ta l 
I,eucocvte Compta on Cat Blood w ith  the  B îee trô iilc  Method.,
Between T echnician  
Di ec'^epanc ie s  
T echnician  1 minus T echnician  2
Between T echnician  
B iacrepancle s  
T echnician 1 minus T echnician  3
Blood A minus C 
,e A ctual %V
1,1%
B minus. B A , minus E
A ctual % A ctual %
B minus. B 
A ctual %
«1*6% 600 3*3% 700 3*8%
2 4 ,100 :#.7% 3,&M) 12% 1»4W%) +3.1% *1,3%
w=fALfi( *wwA*w &*«**(,
3 1,500 9.1% 1,000 6,1% 400 2,4% 100 0,61%
f — ' "  1-7   I '- r '^ 'i ." " - /] - i" - ''- i« -^ r -T T t- r r i - " n - iY "  n i l  -i^ifniV iirr ~ rr ' l i r - r  i - - n 'y  : r  i - j  u i 1  ' Y  i / i  ii' . iWir mi i< ■i n i in m r i  ÿ m i  m i 'iM o irr n  i i i i r T m n ~ tn i iw~nilriii< iwir»'ii. i i* » iT T»wiii ifiiM ;iffi> n in fii»« iiirm ,iifitiiiy rnn frfjfcn irr
500 3.9% 700  5 . 4% «300  «2,4% «400 «3,1%
800 8,6% 1,100 11.3% 3,2% 300 3,1%
6 700 5,3% 300 2.3% 100 40,75% 300 2,3%
800 4,1% 500 2.5% -100 -0,51% -100 -0 ,3  %
8 4 ,000  15.3% 3,700 14.1% 400 1.5% -400 -1.5%
1,800 10,9% 1,708 10.2% -100 -0,61% *1,100 -6,6%w u «  A V ,  . . . a - ,
10 600 3.6% 300 1.8% 100 0 .5%  400 2,4%
*#JM *
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The t r a d i t i o n a l  method o f  e s tim a tin g  blood c e l l  counts has been shorn  to  
be a s so c ia te d  w ith  h igh  e r ro r s  In  ro u tin e  use by Berksou e t  a l ,  (1940)*
However a prov ided  th a t  good te c h n ic a l  s k i l l  i s  e x erc ised  end la rg e  numbers 
o f c e l l s  e re  counted to  reduce the f i e ld  e rro r*  the  method can be accurate*  
This has been f u l ly  d iscu ssed  by Daeie (1963) who dem onstrated th a t  the  
e r ro r s  in  ro u tin e  counts o f th e  e ry th rocy |:es were so h igh  th a t  the  technique 
was o f l i t t l e  va lue  in  ro u tin e  work* So f a r  as the t o t a l  leucocy te  count 
i s  concerned* the  h igh  e r ro r  * p a r t i c u la r ly  the  h igh  f i e ld  e rro r*  does no t 
m arkedly a f f e c t  i t s  u se fu lness*  s in ce  on ly  q u ite  wide v a r ia t io n s  in  th is  
count a re  recogn ised  as be ing  o f  va lue  to  th e  c lin ic ia n »
III th e  t r a d i t i o n a l  method* th e  r i s k  o f  te c h n ic ia n s  in tro d u c in g  sub« 
conscious b ia s  in to  the  counts has been recogn ised  and was the  su b je c t o f 
a  c r i t i c a l  and s t a t i s t i c a l  a n a ly s is  o f the  d a ta  o f e a r l i e r  workers by 
Berkson e t  a l ,  (1940).
Bias w ith  th e  e le c tro n ic  method i s  n e g lig ib le  and the  much g re a te r  number 
o f e s tim a tio n s  which can be a ttem pted  per hour makes i t  p a r t i c u la r ly  d e s ira b le  
in  la b o ra to r ie s  where groups o f esEperimental anim als a re  be ing  b led  a t  th e  
same tim e.
In  c a l ib r a t in g  th e  in strum en t fo r  c a t  blood c e lls *  i t  was found th a t  
th e  in strum en t s e t t in g s  were lower than  those  reconmiended by the  m anufacturer 
fo r  human blood c e lls*  This was probab ly  due to  th e  r e l a t iv e  d if fe re n c e s  in  
s is e s  o f  blood c e l l s  In  th e  e a t  and th e  human being .
«  Y y
The e r ro r  o f the  t o t a l  e ry th ro c y te  count was s u rp r is in g ly  low and 
e le c tro n ic  counts compared v e ry  w e ll w ith  those ^obtained  w ith  the  haemo« 
cytome t e r .  However* th e re  was le s s  agreement between the  v is u a l  and e lec«  
tro n lc  t o t a l  leucocyte  counts* Since th e re  was good r e p e a ta b i l i ty  in  
e le c tro n ic  t o t a l  leucocyte counts in  suspensions from the same blood sample 
and a lso  a low e r ro r  in  counts w ith  d i f f e r e n t  blood samples * even though 
I t  was necessary  to  in tro d u ce  a chem ical substance  to  cause haemolysis* 
i t  was assmmd th a t  the  source o f th e  e r ro r  in  the  com parative counts was 
due to  the  known h igh  te c h n ic a l s.nd f i e ld  e r ro r s  w ith  the  haemocy tome t e r  
and a lso  the  f a c t  th a t  the  comparlaon was le s s  d i r e c t  than  the  one used 
w ith  the  e ry th ro c y te s .
Although the  accuracy o f the in strum en t i s  high* th e re  a re  d iffe re n c e s  
in  perform ance between, one te c h n ic ia n  and another* Therefore* to  ensure 
th a t  accuracy in  th e  coun ting  method i s  m ain tained  during  an escperiment * 
only one te c h n ic ia n  should be employed th roughout, In  th is  s e r ie s  o f 
experim ents* te c h n ic ia n  1 was re sp o n s ib le  fo r  a l l  the c a l ib r a t io n  experim ents 
and d e te rm in a tio n  o f te c h n ic a l e r ro r s  o f th e  technique*
The r e s u l t s  o f  the  experim ents appeared to  f u l f i l  the  co n d itio n s  la id  
down fo r  c a l ib r a t in g  the  instrum ent *and i t  can thus be concluded th a t  fo r  
c a t blood* the  e le c tro n ic  method I s  a ccu ra te  w ith in  the u su a l l im ita t io n s  
o f b io lo g ic a l  v a ria tio n *
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Figure 1. Canine lymph nodes. The cut surfaces of nodes affected  
with lymphosarcoma to Illu strate the gross variations 
which may be found In the same dog.
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Figure 2. Canine lymph node. S l l ^ t  In filtra tion  beyond an Intact 
capsule* upper right. H. & E. x 300.
Figure 3. Canine lymph node. Severe In filtra tion  Into condensed
connective tissue above. Note the re la tively  Intact capsule 
and the heavy flooding of the subcapsular sinus. H. & E. x 150
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Figure 4 , Canine lymph node. Massive Invasion of the perlnodal area.
The clear spaces represent fat c e l ls .  A trace of the former 
capsule and cortex Is present In the lower right comer. U.& E. x 150.
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Figure 5. Canine lymph node. Massive Invasion of the perlnodal area from 
an affected node on the l e f t ,  with lamination of the Intervening 
capsule. H. & E, x 150.
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Canine lymph node. In the lower h a lf, two tumour fo l l ic le s  
are compressing the Intervening sinus which contains more mature 
c e l ls .  Above the fo c i, a large sinus Is being flooded with 
tumour c e lls  which are also In filtra tin g  a trabecula, upper 
right. H.& E. X 150.
S f.*
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Figure 7. Canine lymph node. A higher magnification of a tumour fo l l ic le  
of Figure 6 , to show the very large undifferentiated lymphoid 
tumour c e l ls .  H. & E. x 500.
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Figure 8 . Canine lymph node. A cortica l c e l l  sheet Is In filtrating
upwards Into a sinus; above the sinus, there Is severe In* 
f iltra tio n  of a trabecula. U. & E. x 300.
m m m
Figure 9. Canine lymph node. A compressed v estig ia l fo l l ic le  can be 
observed below a thin Intact capsule. H. & B. x 150.
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Figure 10. Canine lymph node, A cortica l sinus heavily flooded with 
tumour c e l ls ,  but s t i l l  clearly v is ib le . H. & E.xlSO.
Figure 11. Canine lymph node. Tumour c e l l  In filtra tion  of the medullary 
pegs and sinuses. H. & E. x 130.
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Figure 12. Canine liv e r . Small metastatic lesions of lymphosarcoma can 
be observed on the surfaces of a l l  lobes. Part of the main 
lobe on the right has been sectioned to show the nodules In 
the parenchyma. The hepatic lymph node Is grossly enlarged 
and has been cut to show the typical lymphosarcomatous tissue
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Figure 13. Canine liv e r . Tumour c e l l  In filtration  of the portal triads.
H. £c E. X 50.
Figure 14. Canine liv e r . Higher magnification of Figure 13 to show the
diffuse In filtration  of sinusoids and clone formation. H. & E. x 300.
» H
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Figure 15. Canine spleen; affected with lymphosarcoma. Note that i t s  
edges are rounded, i t s  p rofile  is  maintained, and the pulp 
shows signs of gross hyperplasia of the Malpighian bodies.
Figure 16. Canine spleen; affected with lymphosarcoma. There is  a small 
yellow infarct in the centre of the middle third, and a raised 
tumour, probably a benign lymphoma, towards the right pole.
28S
Figure 17. Canine In testines. There are numbers of grossly enlarged and 
tumified lymph nodes in the mesentery. The spleen is  not en» 
larged.
%
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Figure 18. Canine small in testin e . Massive invasion of the mucous membrane 
by tumour c e l ls .  H. & 5. x 130.
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Figure 19. Canine kidney. The fa ir ly  discrete tumour masses l ie  almost 
entirely  within the cortex.
Figure 20. Canine kidney. A typical massive lesion with widespread 
tubular and glomerular destruction. H. & E. x 50.
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Figure 21. Canine kidney. A focal lesion with central destruction of
tubules and peripheral in te r s t it ia l  in filtra tio n . H.& E. x  150.
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Figure 22. Canine lung. A lesion of lymphosarcoma adjacent to a small 
bronchiole. A few surviving a lveo li are packed with darkly 
stained lymphoid c e l ls .  H. & E. x 150.
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£ ia se_ 2 3 . Sastne lunp. Parts o f two lobes to show large discrete  
tumours of lymphosarcoma.
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Figure 24. Canine heart and lungs. There is  a massive lesion of lyn^ho- 
sarcoraa in the v a il of the r i ^ t  ven tric le , and smaller masses 
in the right auricle.
2  9  4
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Figure 25. Canine heart. The edge of a large ventricular tumour mass 
shoving in filtra tio n  of the surviving muscle bundles at the 
periphery of the lesion . H. & E,  x 150.
Figure 26. Canine heart. Widespread diffuse lamination of the muscle 
bundles by streams of lymphoid tumour c e lls .  H. & E. x 150.
2 9 5
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Figure 27, Canine bone marrow. Diffuse In filtra tion  with lymphoid 
c e lls .  H. & E. X 300.
Figure 2Q. Canine bone marrow. Marked hyperplasia of the myeloid 
elements. H. & E. x 300.
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Figure 29. Canine lymph node. A typical "immature'* c e l l  sheet composed
of lymphoblasts and occasional large lymphocytes. H.& E. x 500.
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Figure 30. Canine lymph node. "Mature" tumour c e l l  sheet composed mainly 
of medium and mature lymphocytes. R. & E. x 500.
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Figure 31. Canine lymph node. "Mixed" tumour c e ll  sheet containing 
examples of a l l  forma of lymphoid c e l ls .  H. & E$ x 500.
Figure 32. Canine lymph node. Tumour c e l l  sheet composed mainly of 
large and medium lymphocytes. H. & E. x 500.
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A typical lobuUted lymphocyte.
S t a i n  X 800.
Lelshm an
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Figure 34. Feline lymph node. Large tumour fo ll ic le s  are compressing 
the cortical sinuses. They and the sub-capsular sinus are 
flooded with more mature lymphoid c e l ls ,  but there is  no 
Infringement of the tissue outwith the node. H. & E. x 100.
m m x .
Figure 35. Feline lymph node. Tumour fo l l ic le s  are compressing the sub­
capsular sinus and tumour c e lls  are activ ely invading the 
capsule, cortical trabecula and the perlnodal region. H.& E. x 100.
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Figure 36. Feline lymph node. Â cortica l sinus containing mature 
lymphoid c e lls  is  being compressed between two tumour 
f o l l ic le s .  H. & E. X 250.
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Figure 37. Feline lymph node. A tumour c e l l  sh^et which s t i l l  retains
the outlines of i t s  former fo llicu la r  pattern. H. & E. x 100.
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Figure Feline liv e r . Marked invasion of the portal triads with diffuse  
tumour c e ll  in filtra tio n  of the sinusoids. H. & E. x 100.
Figure 39. Feline liv er . A higher magnification of the section above to
illu stra te  multinucleated and degenerating cord c e l ls .  H.& E. x 400,
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FÎKUKe ^£* Feliüd spleea. Large tumifled Malpighian bodies outlined by 
areas of erythropoiesis in the red pulp, case number 24908. 
H. & E. X 30.
IS
Figure Feline spleen. A higher magnification of the section above to 
illu stra te  the expanding tumour f o l l ic le s .  H. & E. x 100.
3 0 3
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Figure 42. Feline spleen. Tux&our hyperplasia of the Malpighian bodies, 
case number 25522. H. & E. x 30.
iitPI.
Figure 43. Feline spleen. A higher magnification of the section above to
show the sharp defin ition  of the fo l l ic le s .  Note the peripheral 
crescent of rather mature Lymphoid c e lls  (arrowed). H.& E. x 100,
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Feline spleen. Â high magnification of the crescent arrowed 
in  Figure 43 to show the heavy in filtra tio n  of tumour lympho» 
blasts into the red pulp on the right. U. & E. x 400.
Figure 4 5 . Feline small in testin e . There is  marked tumour c e l l  invasion 
of the mucous membrane with distortion and destruction of the 
glandular elements. H. & E. x 100.
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Figure 46. Feline small in testin e , Â typical c e l l  sheet in a tumour mass 
showing many lymphoblasts, scattered retlculo-endothelial and 
dormant stem c e lls  with a background of maturer lymphoid c e lls ,  
a. & E .  X 400.
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Figure 47. Feline kidney. Heavy tumour c e l l  in filtra tio n  of the cortex 
with dissociation and destruction of tubules. H. & E. x 100.
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Figure 48. Feline lympli node. A tumour c e l l  sheet in which the dominant 
c e ll  is  a lymphoblast. H. & E. x 400.
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Figure 49. Feline lymph node. A tumour c e ll  sheet composed of more 
mature lymphoid c e l ls .  H. & E. x  400.
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F igure  50. The e o r re ie t io n  between t o t a l  e ry th ro cy te  counts and the  
in  ca te  w ith  lymphosarcoma.
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Figure 51. Blood film of cat 19377/10. There is  a large lymphocyte, 
top le f t ,  a medium lymphocyte, centre right. The other 
leucocytes are neutrophils. Leishman's stain  x 500.
3
Figure 52. Blood film of cat 19377/10. Lobulated large lymphocytes are
present, extreme le f t  and extreme right, together with 2 n^ iutro^  
p hils. Leishman's stain  x 500.
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Figure 53. Blood film of cat 19377/10. A large lymphocyte. Leishman's 
stain  X 1,000.
Figure 54. Blood film of cat 19377/10. A large lymphocyte. Leishman's 
stain X 1,000
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Figure 55. Liver of cat 19377/9. Note the large multinucleated hepatic 
cord ce lls  and compare them with the ce lls  of a fie ld  case in 
Figure 39. H. & E. x 500,
Figure 56. Cat 19377/10. Note the grossly enlarged spleen and the mesenteric 
lymph node mass.
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Figure 57. Cat 19377/XO. Note the enlarged mesenteric lymph node.
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Figure 58. Cat 19377/10. Markedly enlarged and tumlfied lymph nodes in 
the mesentery of the large intestine.
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Figure 59. Cat 19377/10. A cross section of the spleen to illu stra te  
the hyperplastic Malpighian bodies.
i
Figure 60. Cat 19377/10. The mesenteric lymph node to show the massive 
tumour fo ll ic le s  which are forming c e ll  sheets and pressing 
against a re la tively  intact capsule. H. & E. x 150.
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ï i f f i r e ^ .  cat 19377/10. The tumour c e l l  sheet of the mesenteric lymph 
node. H.& E. x 500.
Figure 62. Cat 19377/10. A tumour nodule in the lung. H. & E. x 150.
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Figure 63. Cat 19377/10. A low power section of the grossly in filtrated  
spleen. H. & E. x 500.
Figure 64. Cat 19377/10. The bone marrow showing ce lls  similar to those 
In the lymph nodes. H. & E. x 500.
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Figure 65. Cat 19377/11. Section of an enlarged lymph node.
Ë
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Figure 66. Cat 19377/11. The h isto log ica l appearance of the mesenteric 
lymph node showing loss of follicular pattern, flooding of 
the subcapsular sinus and c e ll  sheets streaming towards the 
medulla. H. & E. x 150.
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Figure 67. Cat 19377/12. Lymph node showing the breakdown of a germinal
centre and flooding of the subcapsular sinus with pale immature 
c e l ls .  H. & E. X 150.
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Figure 60. Cat 19377/12. Early changes In the Malpighian bodies. Note 
that the corpuscle on the right appears to be budding from a 
condensed vestige of a former corpuscle. H. & E. x 150.
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Figure 69. Cat 19377/10. A typical tumour c e ll  as observed with the 
electron microscope.
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Figure 70. Cat 19377/10, The virus«like particle found in the tumour c e lls .
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Figure 71. Cat 17457/2. Part o£ the submucosal tumour mass. H. & E. x 300.
â
%
Figure 72. Cat 17457/2. The mesenteric lymph node showing capsular in ­
filtra tio n  and early breakdown of fo ll ic le s  with streams of 
c e lls  passing towards the medulla. H. & E. x 50.
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cat 23510/54. A ly^H node showing flooding of the .im,«ea. 
d. & E. X 300.
- e  .howing flooding of the
sinuses. H. & E. x 300.
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Fi gure 75. Cat 22868/22. The bone marrow c e ll  sheet. H. & E. x 150.
m
Figure 76. Cat 22868/22. The bone marrow to show the large undiffer­
entiated lymphoid c e lls  which are present in high numbers. 
H. & E. X 150.
mm
%
%
Ç al.22%8/25. Tumour fo l l ic le s  in the spleen. H. & E. % 50.
Figure 76. Cat 22868/25. A higher magnification 
spleen. H. & E. x 150.
of a f o l l ic le  In the
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Figure 79. Cat 22868/25. The re la tively  uniform and immature lymphoid 
c e lls  in the splenic fo l l ic le s .  H. & E. x 500.
M
Figure 80. Cat 23908/45. A Malpighian corpuscle In the spleen to show
the peripheral hyperplasia end formation of lymphoblasts %*ich 
are already entering the red pulp. H. & E. x 300.
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